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'LJLWDO FRKHUHQW ILEHURSWLF WUDQVPLVVLRQ HPSOR\LQJ SRODUL]DWLRQGLYLVLRQ PXOWLSOH[LQJ 3'0
DORQJZLWKWKHTXDGUDWXUHDPSOLWXGHPRGXODWLRQ4$0WHFKQLTXHV436.TXDGUDWXUHSKDVH
VKLIWNH\LQJDQG4$0HQKDQFHVVSHFWUDOHIILFLHQF\RIRSWLFDOQHWZRUNV ,Q WKLV UHVSHFW
SRODUL]DWLRQ GLYHUVLW\ FRKHUHQW UHFHLYHU JLYHV D UHSUHVHQWDWLRQ RI WKH RSWLFDO ILHOG LQ WKH
HOHFWULFDOGRPDLQ7KLVIDFLOLWDWHVHIILFLHQWGLJLWDOVLJQDOSURFHVVLQJ'63EDVHGFRPSHQVDWLRQ
RIILEHURSWLFWUDQVPLVVLRQLPSDLUPHQWV7KHVLJQDOTXDOLW\LVVLJQLILFDQWO\LPSDLUHGLQORQJKDXO
WUDQVPLVVLRQ ILEHU OLQNV DW D KLJK V\PERO UDWH EHFDXVH RI FKURPDWLF GLVSHUVLRQ &' DQG
SRODUL]DWLRQPRGHGLVSHUVLRQ30'$WZRVWDJHHTXDOL]DWLRQDSSURDFKLVQHHGHGIRUHIILFLHQW



































'LH 6LJQDOTXDOLWlW LVW EHL /DQJVWUHFNHQ XQG KRKHU 6\PEROUDWH EHDFKWOLFK YHUVFKOHFKWHUW
DXIJUXQG YRQ FKURPDWLVFKHU 'LVSHUVLRQ FKURPDWLF GLVSHUVLRQ &' XQG
3RODULVDWLRQVGLVSHUVLRQ SRODUL]DWLRQPRGH GLVSHUVLRQ 30' (LQ ]ZHLVWXILJHU $QVDW] ]XP







ZXUGHQ YRUJHVFKODJHQZHOFKH DXI 6LPXODWLRQVHJHEQLVVH XQG9HUKDOWHQVDQDO\VHQ EHL 
*EV 3'0436. XQG  *EV 3'04$0 EDVLHUHQ ,Q GLHVHU +LQVLFKW WUlJW GLHVH
'LVVHUWDWLRQGLHIROJHQGHQ$UEHLWHQEHL
x (IIL]LHQWH'63EDVLHUWH&'(QW]HUUXQJZXUGHXQWHUVXFKWXQGRSWLPLHUW











GHFODUH WKDW FRQWULEXWLRQV E\ RWKHU DXWKRUV ZKLFK DUH XVHG RU KDYH OHG WR WKH LGHDV
EHKLQGWKLVGLVVHUWDWLRQDUHSURSHUO\UHIHUHQFHGLQZULWWHQIRUP



















,Q WKHHQG , DP WKDQNIXO WRP\ IDPLO\DQG IULHQGV IRU WKHLU VXSSRUW ,ZRXOG OLNH WR
WKDQNP\SDUHQWV0U DQG0UV3URI003DQKZDU IRU WKHLU FRQVWDQW VXSSRUW DQG















































































HODERUDWHV WKH VLJQLILFDQFH RI WKH WRSLF ZKLFK LV XQGHU FRQVLGHUDWLRQ LQ WKLV
GLVVHUWDWLRQ7KHDLPVDQGREMHFWLYHVRIWKLV3K'ZRUNDUHH[SODLQHGDQGHQOLVWHGLQ




7KH FRQFHSW RI GDWD WUDQVPLVVLRQ RYHU RSWLFDO ILEHUVZDV SURSRVHG LQ WKH ODWH V
>@+RZHYHUWKLVLGHDVXIIHUHGIURPDQHDUO\VHWEDFNEHFDXVHRIWKHKLJKWUDQVPLVVLRQ





RSWLFDO ILEHUV ZHUH SUHIHUUHG DQG ODUJHO\ GHSOR\HG LQ WKH FRUH QHWZRUNV 7KH V
WKHUHIRUHZLWQHVVHGDUHYLYDORILQWHUHVWLQWKHFRKHUHQWRSWLFDOFRPPXQLFDWLRQV>@
,Q DGGLWLRQ WR WKH LQFUHDVHG UHFHLYHU VHQVLWLYLW\ WKH FRKHUHQW UHFHLYHUV HQDEOH WKH
UHFRYHU\RIIXOORSWLFDOILHOGLQWKHHOHFWULFDOGRPDLQDVRSSRVHGWRWKHGLUHFWGHWHFWLRQ
UHFHLYHUV 6R WKH ILEHU OLQN LPSDLUPHQWV FDQ EH HIILFLHQWO\ PLWLJDWHG LQ WKH GLJLWDO










FRPPXQLFDWLRQV -XVW WR KDYH DQ LGHD )LJXUH  VKRZV WKH WUHQG RI WKLV HYHU
LQFUHDVLQJ GHPDQG IRU KLJK GDWDUDWHV 7KH ILYH \HDU VWDWLVWLFV REWDLQHG IURP WKH
*HUPDQ &RPPHUFLDO ,QWHUQHW ([FKDQJH &,;'( )UDQNIXUW >@ VKRZ WKDW HYHU\
\HDU WKH WKURXJKSXW UHTXLUHPHQWV LQFUHDVH VXEVWDQWLDOO\ 7KH WKURXJKSXW UHTXLUHG DW
WKLV FRPPXQLFDWLRQ QRGH UHDFKHG XS WR D UHFHQWO\ PHDVXUHG SHDN RI  7EV
)XUWKHUPRUHDFFRUGLQJWR&LVFRWKHJOREDOPRELOHGDWDWUDIILFJUHZE\SHUFHQWLQ
7KHJOREDOPRELOHGDWDWUDIILFUHDFKHG([DE\WHSHUPRQWKDWWKHHQGRI





RSWLFDO ILEHU LV DOVR EHFRPLQJ ODUJH+RZHYHU WKH KLJKUDWH WUDQVPLVVLRQ RYHU ORQJ
KDXOILEHUOHDGVWRDPDVVLYHLPSDLUPHQWDQGGLVWRUWLRQRIWKHUHFHLYHGVLJQDOV,QWKLV
SHUVSHFWLYHYDULRXVGLJLWDOVLJQDOSURFHVVLQJ'63EDVHGHTXDOL]DWLRQDOJRULWKPVIRU
WKH FRPSHQVDWLRQ RI RSWLFDO ILEHU LPSDLUPHQWV KDYH EHHQ LQYHVWLJDWHG > @
6SHFWUDOO\ HIILFLHQW PRGXODWLRQ WHFKQLTXHV VXFK DV TXDGUDWXUH SKDVH VKLIW NH\LQJ






LQYHVWLJDWHG LQ UHFHQW \HDUV WR HQDEOHPXOWLSOHELWV SHU V\PERO WUDQVPLVVLRQ >@
%HFDXVH RI WKH PDVVLYHO\ LQFUHDVLQJ GHPDQG RI DJJUHJDWH GDWDUDWHV QXPHURXV
PXOWLSOH[LQJ WHFKQLTXHV VXFK DV SRODUL]DWLRQGLYLVLRQ PXOWLSOH[LQJ 3'0 >@
ZDYHOHQJWK GLYLVLRQ PXOWLSOH[LQJ :'0 >@ RUWKRJRQDO IUHTXHQF\ GLYLVLRQ





2YHUDOO WKH HQRUPRXV GHPDQG IRU KLJK GDWDUDWH RYHU ORQJKDXO ILEHU UHTXLUHV
GHYHORSPHQW RI KLJK SHUIRUPDQFH ORZFRPSOH[LW\ DQG HIILFLHQW '63 EDVHG
HTXDOL]DWLRQ DOJRULWKPV ,Q WKLV UHJDUG FKURPDWLF GLVSHUVLRQ &' DQG SRODUL]DWLRQ
PRGHGLVSHUVLRQ30'DUHWKHWZRPDMRUVRXUFHVRIGLVWRUWLRQWKDWZRUVHQWKHTXDOLW\
RI WKH UHFHLYHG VLJQDO %RWK RI WKHVH OLQHDU ILEHU LPSDLUPHQWV LH &' DQG
30' LQFUHDVH ZLWK LQFUHDVLQJ GDWDUDWH RU ILEHU OHQJWK0RUHRYHU WKH HTXDOL]DWLRQ
DOJRULWKPV RI WKHVH WZR ILEHU LPSDLUPHQWV JUHDWO\ LQFUHDVH WKH RYHUDOO '63 EDVHG
UHFHLYHUFRPSOH[LW\+HQFHIRUWKOHDGLQJWRKXJHUHVRXUFHDQGHQHUJ\FRQVXPSWLRQLQ












H[LVWHG '63 EDVHG WHFKQLTXHV IRU &' DQG 30' FRPSHQVDWLRQ +RZHYHU WKLV IDFW
UHDOO\SURYLGHG LPPHQVHPRWLYDWLRQ WR IXUWKHU LQYHVWLJDWHRSWLPL]HDQGZRUNRQ WKH





D WZR VWDJHDSSURDFK LVQHHGHG WRHIILFLHQWO\FRPSHQVDWH WKHVHFKDQQHO LPSDLUPHQWV
LQ WKH '638 7KH PDLQ DLPV DQG REMHFWLYHV RI WKLV 3K' ZRUN DUH HQOLVWHG DV
IROORZV
x 7KHILUVWREMHFWLYHRIWKLVZRUNLVWRLQYHVWLJDWHDQGGHVLJQDQHIILFLHQWPHWKRG
IRU FRPSHQVDWLQJ &' LQ WKH '63 ,Q WKLV SHUVSHFWLYH D &' FRPSHQVDWLRQ
WHFKQLTXHZLWK ORZFRPSXWDWLRQDO HIIRUW DQGKLJK UREXVWQHVV RYHU ODUJH ILEHU
OLQNVLVGHVLUHG
x 6HFRQGO\ WKH '63 EDVHG &' FRPSHQVDWLRQ PHWKRGV DUH UHTXLUHG WR EH
H[WHQGHG DV SHU WKH UHTXLUHPHQWV RI PRGHUQ G\QDPLF FKDQQHO VZLWFKLQJ
FRQFHSW 7KXV HIILFLHQW EOLQG &' HVWLPDWLRQ LV UHTXLUHG ZLWK KLJK VHDUFK
UHVROXWLRQDWORZFRPSXWDWLRQDOFRPSOH[LW\
x 7KLUGO\ WKH0,02 HTXDOL]HUV DUH WR EH LQYHVWLJDWHG DQG RSWLPL]HG IRU WKH
FRPSHQVDWLRQRI30'DQGUHVLGXDO&',QWKLVUHVSHFWD0,02HTXDOL]DWLRQ
WHFKQLTXHZLWK IDVW FRQYHUJHQFH VSHHG DQG ORZ FRPSXWDWLRQDO FRPSOH[LW\ LV
QHHGHG
7KHYDOLGLW\DQGIHDVLELOLW\RIWKHGHYHORSHGUREXVW'63WRROVKDVWREHEDVHGRQWKH
VLPXODWLRQ UHVXOWV DQG SHUIRUPDQFH DQDO\VLV RI *EV 3'0436. DQG *EV
3'04$0ILEHURSWLFV\VWHPV%HVLGHVWKHDERYHREMHFWLYHVKDYHWREHWUHDWHGE\







)XUWKHUPRUH WKH LQYHVWLJDWHG DQG GHYHORSHG '63 WHFKQLTXHV IRU &' DQG 30'
HTXDOL]DWLRQXQGHUWKLVZRUNDUHSDUWRIWKH'HXWVFKH)RUVFKXQJVJHPHLQVFKDIW')*
UHVHDUFKSURMHFWV12587KH')*SURMHFW WLWOHG³6\QFKURQH
4$0'DWHQEHUWUDJXQJ PLW 3RODULVDWLRQVPXOWLSOH[ XQG GLJLWDOHP (PSIlQJH ]XU
'LVSHUVLRQVNRPSHQVDWLRQ 3RODULVDWLRQVUHJHOXQJ XQG YRUZlUWVJHNRSSHOWHU
7UlJHUUFNJHZLQQXQJ´ DLPV DW GHYHORSLQJ HIILFLHQW '63 WRROV IRU WKH V\QFKURQRXV
4$0 UHFHLYHU >@ 7KH SURMHFW KDV EHHQ MRLQWO\ LQYHVWLJDWHG E\ WKH 2SWLFDO




7KLV GRFWRUDO GLVVHUWDWLRQ KDV EHHQ GLYLGHG LQWR VL[ FKDSWHUV 7KHVH FKDSWHUV DUH
IROORZHG E\ ELEOLRJUDSK\ DQG DSSHQGL[ VHFWLRQV WKDW DUH LQFOXGHG DW WKH HQG RI WKLV
GLVVHUWDWLRQ$IWHU WKLV ILUVW JHQHUDO LQWURGXFWRU\ FKDSWHU WKH VHFRQG FKDSWHU JLYHV D
EULHILQWURGXFWLRQWRWKHIXQGDPHQWDOVRIGLJLWDOFRKHUHQWWUDQVPLVVLRQV\VWHPV,WDOVR
GHVFULEHV&'30'DQGWKHVLPXODWLRQVHWXSGHWDLOV7KHWKLUGFKDSWHUGHDOVZLWKWKH
'63 EDVHG FRPSHQVDWLRQ RI &' 'LIIHUHQW DVSHFWV UHODWHG WR WKH GLJLWDO &'



















7KLV FKDSWHU JLYHV D EULHI LQWURGXFWLRQ WR WKH IXQGDPHQWDOV RI GLJLWDO FRKHUHQW
WUDQVPLVVLRQV\VWHPV'LJLWDOFRKHUHQW WUDQVPLVVLRQ WHFKQLTXH LVGHVFULEHG LQVHFWLRQ
 6HFWLRQ  PHQWLRQV FKURPDWLF GLVSHUVLRQ ZKLFK LV D PDMRU VRXUFH RI LQWHU
V\PEROLQWHUIHUHQFH,6,LQRSWLFDOFRPPXQLFDWLRQ3RODUL]DWLRQPRGHGLVSHUVLRQWKH
RWKHU PDLQ VRXUFH RI ,6, LV GHVFULEHG LQ VHFWLRQ  6HFWLRQ  LQWURGXFHV WR WKH
VLPXODWLRQVHWXSDQGLWVSDUDPHWHUVFRQVLGHUHGWKURXJKRXWWKLVGLVVHUWDWLRQ
 'LJLWDO&RKHUHQW7UDQVPLVVLRQ
7KH DGYHQW RI WKH PRGHUQ GLJLWDO FRKHUHQW V\VWHPV KDV VLJQLILFDQWO\ VLPSOLILHG WKH
FRPSHQVDWLRQRIOLQHDUILEHUWUDQVPLVVLRQLPSDLUPHQWVVXFKDV&'DQG30''LJLWDO
FRKHUHQW UHFHLYHUVJUHDWO\ LPSURYH WKHUHFHLYHUVHQVLWLYLW\DVFRPSDUHG WR WKHGLUHFW
GHWHFWLRQUHFHLYHUV>@)XUWKHUPRUHSRODUL]DWLRQGLYLVLRQPXOWLSOH[LQJLVSRVVLEOHLQ
WKH FRKHUHQW SRODUL]DWLRQGLYHUVLW\ UHFHLYHUV ,Q WKLV SHUVSHFWLYH OLQHZLGWKWROHUDQW
SKDVH WUDFNLQJ VFKHPHVPDNH LW SRVVLEOH WR XVH QRW RQO\436.EXW DOVR WKH KLJKHU
RUGHU PRGXODWLRQ IRUPDWV VXFK DV 4$0 >@ 7KXV WKH GLJLWDO FRKHUHQW
WUDQVPLVVLRQ VLJQLILFDQWO\ HQKDQFHV WKH RYHUDOO VSHFWUDO HIILFLHQF\ RI ILEHURSWLF
FRPPXQLFDWLRQV\VWHPV
)LJXUHGHSLFWVDW\SLFDOGLDJUDPRIWKHGLJLWDOFRKHUHQWWUDQVPLVVLRQV\VWHPDORQJ
ZLWK WKH '63 EDVHG VXEV\VWHPV DW WKH UHFHLYHU $W WKH WUDQVPLWWHU 7; SVHXGR
UDQGRP ELQDU\ VHTXHQFH 35%6 SDWWHUQ EDVHG VLJQDOV GULYH WKH WZR , DQG 4
PRGXODWRUV DW D SDUWLFXODU UDWH IRU WKH ; DQG < SRODUL]DWLRQV UHVSHFWLYHO\ 7KHVH












$QRSWLFDOEDQGSDVV ILOWHU 2%3) OLPLWV WKHRSWLFDOEDQGZLGWKDW WKH UHFHLYHU 5;
7KHUHFHLYHGVLJQDOVDUHVSOLWXVLQJ3%6LQWRWZRRSWLFDOGHJUHHK\EULGPRGXOHVIRU
WKH;DQG<SRODUL]DWLRQVUHVSHFWLYHO\7KHORFDORVFLOODWRU/2VLJQDOLVDOVRIHGWR
 GHJUHH K\EULG PRGXOHV 7KH UHFHLYHG VLJQDOV HQWHU WKH '63 XQLW DIWHU SKRWR
GHWHFWLRQ 3' HOHFWULFDO ORZSDVV ILOWHULQJ /3) DQG DQDORJWRGLJLWDO FRQYHUVLRQ










HVWLPDWLRQ )LQDOO\ WKH UHFHLYHG GDWD LV UHFRYHUHG 7KLV GDWD FRXOG QRZ SRVVLEO\ EH
XVHG IRU ELW HUURU UDWH %(5 FDOFXODWLRQ LQ RUGHU WR GHWHUPLQH WKH SHUIRUPDQFH RI
GLJLWDOFRKHUHQWUHFHLYHUV
$VGHSLFWHG LQ)LJXUH DGLJLWDO FRKHUHQW WUDQVPLVVLRQ V\VWHP UHTXLUHV DGGLWLRQDO
RSWLFDO FRPSRQHQWV LQFRPSDULVRQ WR WKHGLUHFWGHWHFWLRQ VFKHPH >@7KHRSWLFDO
GHJUHHK\EULGORFDORVFLOODWRUDQGH[WUDSKRWRGHWHFWRUVLQFUHDVHWKHRYHUDOOEXGJHWRI
WKH V\VWHP 2Q WKH FRQWUDU\ WKLV DGGLWLRQDO EXGJHW HQKDQFHV WKH SRVVLELOLW\ WR
HIILFLHQWO\PLWLJDWHFKDQQHOGLVWRUWLRQVDQGXVHDGYDQFHGPRGXODWLRQVFKHPHVVXFKDV
4$0 >@ )XUWKHUPRUH LW HQDEOHV WKH UHDOL]DWLRQ RI PRGHUQ  *EV DQG
EH\RQGWUDQVPLVVLRQV\VWHPV
 &KURPDWLF'LVSHUVLRQ
&KURPDWLF GLVSHUVLRQ LV D VRXUFH RI VLJQDO GLVWRUWLRQ LQ ILEHURSWLF WUDQVPLVVLRQ
V\VWHPV,WRFFXUVGXHWRWKHGLIIHUHQWJURXSYHORFLWLHVRI WKHZDYHOHQJWKVZLWKLQWKH
RSWLFDO ILEHU >@7KHPDWHULDOGLVSHUVLRQDQGZDYHJXLGHGLVSHUVLRQ UHVXOW LQ
WKH QHW GLVSHUVLRQ RI WKH RSWLFDO ILEHU 7KH PDWHULDO GLVSHUVLRQ LV FDXVHG E\ WKH
IUHTXHQF\GHSHQGHQFHRIWKHUHIUDFWLYHLQGH[7KHZDYHJXLGHGLVSHUVLRQRFFXUVGXHWR
WKH ZDYHOHQJWK GHSHQGHQFH RI WKH VLJQDO SRZHU GLVWULEXWLRQ EHWZHHQ WKH FRUH DQG
FODGGLQJ7KHILEHUFKURPDWLFGLVSHUVLRQFDXVHVSXOVHEURDGHQLQJZKLFKUHVXOWVLQ,6,
DQG WKHUHIRUH WKH VW 1\TXLVW FULWHULRQ LV QRW VDWLVILHG ,W GHWHULRUDWHV WKH ILEHURSWLF
V\VWHP SHUIRUPDQFH SDUWLFXODUO\ RYHU ORQJ ILEHU OLQNV DW YHU\ KLJK GDWD UDWHV
&KURPDWLFGLVSHUVLRQLQRSWLFDOILEHUVFDQEHSRVLWLYHLIWKHJURXSGHOD\LQFUHDVHVZLWK
ZDYHOHQJWK RU QHJDWLYH LI WKH JURXS GHOD\ GHFUHDVHV ZLWK ZDYHOHQJWK 7KLV VLJQ
FRQYHQWLRQ LV ZLWK UHVSHFW WR WKH GLVSHUVLRQ SDUDPHWHUD $ SRVLWLYH GLVSHUVLRQ LV
WHUPHG DV µDQRPDORXV GLVSHUVLRQ¶ DQG D QHJDWLYH GLVSHUVLRQ LV WHUPHG DV µQRUPDO
GLVSHUVLRQ¶ ,QPRVW FDVHV DQRPDORXV GLVSHUVLRQ RFFXUV LQ RSWLFDO ILEHUV&KURPDWLF
GLVSHUVLRQ WKDW RFFXUV LQ GLVSHUVLRQ FRPSHQVDWLQJ ILEHUV LV DQ H[DPSOH RI QRUPDO
GLVSHUVLRQ
7KHEURDGHQLQJHIIHFWRIWKHWUDQVPLWWHGSXOVHVGXHWRFKURPDWLFGLVSHUVLRQLVVKRZQ
LQ )LJXUH  7KH SXOVHV EHIRUH WUDQVPLVVLRQ RYHU WKH RSWLFDO ILEHU DUH FOHDUO\






RSWLFDO ILEHU WKHSXOVHVDUHEURDGHQHG LQ WLPHGRPDLQGXH WRFKURPDWLFGLVSHUVLRQDV








LjeH  ZEZDZ        
,Q  ZD UHSUHVHQWV WKH ILEHU ORVV DWWHQXDWLRQ ZE LV WKH PRGHSURSDJDWLRQ
FRQVWDQWDQGLLVWKHOHQJWKRIILEHU,QRUGHUWRPRGHOWKHFKURPDWLFGLVSHUVLRQHIIHFW
LQ WKH WUDQVIHU IXQFWLRQ WKH ILEHU ORVV ZD LV DVVXPHG WR EH QHJOHFWHG 6R WKH
VLPSOLILHGWUDQVIHUIXQFWLRQLVJLYHQE\
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GLJLWDO HTXDOL]HUV >@ 7KHVH GLJLWDO HTXDOL]HUV ZLOO EH SUHVHQWHG ZLWK GHWDLOV LQ
FKDSWHUVDQGRIWKLVGLVVHUWDWLRQ
 3RODUL]DWLRQ0RGH'LVSHUVLRQ
3RODUL]DWLRQ0RGH'LVSHUVLRQ UHVXOWV IURP WKH RSWLFDO ELUHIULQJHQFH LQ WKH ILEHU >
@ ,GHDO RSWLFDO ILEHU FRUHV KDYH D SHUIHFWO\ FLUFXODU FURVVVHFWLRQ DQG WKH WZR
RUWKRJRQDOIXQGDPHQWDOPRGHVSURSDJDWHDWWKHVDPHVSHHG+RZHYHUWKHUHDOILEHUV
KDYHLPSHUIHFWLRQVDQGFLUFXODUDV\PPHWULHVWKDWUHVXOWLQGLIIHUHQWSURSDJDWLRQVSHHGV
LH SKDVH DQG JURXS YHORFLWLHV EHWZHHQ WKH WZR RUWKRJRQDO SRODUL]DWLRQV 7KXV
SRODUL]DWLRQ PRGH GLVSHUVLRQ RI D ELUHIULQJHQW ILEHU UHODWHV WR WKH GLIIHUHQFH LQ
SURSDJDWLRQ WLPH EHWZHHQ WKH IDVW DQG VORZ D[HV RYHU D ILEHU GLVWDQFH ʌ SKDVH
UHWDUGDWLRQ RFFXUV EHWZHHQ WKH WZR RUWKRJRQDO FRPSRQHQWV RYHU WKH ILEHU GLVWDQFH
WHUPHGDVµEHDWOHQJWK¶30'GHJUDGHVWKHILEHURSWLFV\VWHPSHUIRUPDQFHSDUWLFXODUO\
RYHUORQJILEHUOLQNVDWYHU\KLJKGDWDUDWHVOLNH&'
7KH 30' LQ WKH RSWLFDO ILEHU FDXVHV SXOVHV WR EH UHFHLYHGZLWK D UDQGRP GHOD\ DV
VKRZQ LQ )LJXUH  $V D FRQVHTXHQFH WKH RSWLFDO SXOVHV VWDWLVWLFDOO\ VSUHDG DQG
RYHUODSWKDWUHVXOWVLQ,6,
7KH LQVWDQWDQHRXV WLPH GLIIHUHQFH T' EHWZHHQ WKH IDVW GRQDWHG DV ; DQG VORZ
GHQRWHGDV<SRODUL]DWLRQD[HVLVGHILQHGDV
 EEE '  ' LT YX       










7KH D[LVZLWK ODUJHU UHIUDFWLYH LQGH[ LV UHIHUUHG WR DV D VORZ D[LV DQG WKH RQHZLWK
VPDOOHU UHIUDFWLYH LQGH[ DV IDVW D[LV +RZHYHU 30' LV D UDQGRP ELUHIULQJHQFH
SKHQRPHQRQ LQ WKH ILEHU VR WKH GHOD\ PXVW EH GHVFULEHG LQ WHUPV RI WKH VWDWLVWLFDO
SDUDPHWHU>@,QWKLVUHVSHFWWKHPHDQVTXDUHYDOXH    TT V ' LVJLYHQE\
»¼
º«¬






EV      
ZKHUH cl GHQRWHVWKHFRUUHODWLRQOHQJWK,WLVGHILQHGDVWKHILEHUOHQJWKRYHUZKLFKWKH
WZRRUWKRJRQDOSRODUL]DWLRQFRPSRQHQWV UHPDLQFRUUHODWHG ,QJHQHUDOD ILEHU OLQN LV
PRGHOOHG WR EH FRPSRVHG RI PDQ\ VHFWLRQV RI WKLV FRUUHODWLRQ OHQJWK )RU WKH
DVVXPSWLRQ clL !! ZKLFKKROGVJRRGIRUL!NPWKHURRWPHDQVTXDUH506YDOXH
RI T' DSSUR[LPDWHVWR


























JHQHUDWHG RSWLFDO GDWD VLJQDOV DUH SRODUL]DWLRQPXOWLSOH[HG RQWR WKH VWDQGDUG VLQJOH
PRGHILEHU660)FKDQQHO
7KH&'FRHIILFLHQWRI WKH ILEHU FKDQQHO LV SVQPNP)RUPRGHOOLQJ30' LQ WKH
ILEHU PDQ\ VHFWLRQV ZLWKLQ WKH ILEHU OHQJWK DUH XVHG WR HPXODWH D 0D[ZHOOLDQ
GLVWULEXWLRQRI'*'YDOXHV>@+HQFHDPHDQ'*'YDOXHFDQEHLQVHUWHGLQWKHILEHU
VLPXODWLRQ PRGXOH WR JHQHUDWH VWDWLVWLFDOO\ YDU\LQJ GLIIHUHQW LQVWDQWDQHRXV 30'










DFFRUGLQJ WR >@ IRU 3'0436. DQG 3'04$0 UHVSHFWLYHO\ 7KH $'&
VDPSOLQJ UDWH RI WZLFH WKH EDXG UDWH LV HPSOR\HG LQ JHQHUDO$OO WKH VDPH LQ VRPH
VHFWLRQVRIWKLVGLVVHUWDWLRQUHGXFHGRYHUVDPSOLQJUDWHVKDYHEHHQXVHGWKHVHVDPSOLQJ
UDWHVZLOOEHVSHFLILHGDFFRUGLQJO\
)XUWKHU SURFHVVLQJ RI WKH VDPSOHG GLJLWDO GDWD WDNHV SODFH LQ WKH'6387KH'638
FRPSULVHVRI&'HTXDOL]HU0,02HTXDOL]HUIRU30'DQGUHVLGXDO&'FRPSHQVDWLRQ
WLPLQJ V\QFKURQL]HU FDUULHU DQG GDWD UHFRYHU\ 7KH 93, 7UDQVPLVVLRQ0DNHU70
LQFRUSRUDWHV D FRVLPXODWLRQ IHDWXUH WKDW HQDEOHV LQWHUIDFLQJ ZLWK 0$7/$%70 DQG
3\WKRQ70 7KXV WKHUH LV IOH[LELOLW\ RI GHYHORSLQJ DQG LQYHVWLJDWLQJ XVHU GHILQHG
'63 VXEV\VWHPV LQ 93, 7UDQVPLVVLRQ0DNHU70 7KH FRVLPXODWLRQ IHDWXUH KDV EHHQ
H[WHQVLYHO\ XWLOL]HG LQ WKLV 3K' ZRUN WR VLPXODWH DQG YHULI\ WKH GHYHORSHG '63
VXEV\VWHPVDQGWKHLUDOJRULWKPV
,QWKLVZRUNVLPXODWLRQVKDYHEHHQFDUULHGRXWEDVHGRQWKH0RQWH&DUORPHWKRG>
@6RD ODUJHQXPEHURIELWV DUH VLPXODWHG LQRUGHUKDYHD UHOLDEOHHVWLPDWHRI WKH
V\VWHP FKDUDFWHULVWLFV ,Q WKLV UHVSHFW WKH %(5 YDOXH LV DQ LPSRUWDQW V\VWHP




NN eb         
ZKHUH bN LV WKH QXPEHU RI ELWV XVHG LQ WKH VLPXODWLRQ eN UHIHUV WR WKH QXPEHU RI





HVWLPDWH 7KLV FRUUHVSRQGV WR WKH VLPXODWLRQ  ELWV +RZHYHU HYHQPRUH UHOLDEOH
%(5YDOXHZRXOGEHREWDLQHGLIELWHUURUVDUHWREHFRQVLGHUHG,QWKLVFDVH















7KLV FKDSWHU GHVFULEHV WKH ZRUN UHODWHG WR &' FRPSHQVDWLRQ LQ WKH GLJLWDO GRPDLQ
6HFWLRQ  LQWURGXFHV DQG H[SODLQV WKH'63 EDVHG&' FRPSHQVDWLRQ2YHUODSVDYH





2SWLFDO FKURPDWLF GLVSHUVLRQ FRPSHQVDWLRQ EDVHG RQ ILEHU %UDJJ JUDWLQJV )%*V
>@ DQG GLVSHUVLRQ FRPSHQVDWLQJ ILEHUV '&)V >@ KDV EHHQ GHPRQVWUDWHG
SUHYLRXVO\+RZHYHUWKHEXON\VL]HDQGKLJKFRVWPDNHVWKHVHRSWLFDO&'HTXDOL]DWLRQ
WHFKQLTXHV OHVVDWWUDFWLYH)XUWKHUPRUHRSWLFDO&'FRPSHQVDWLRQ WHFKQLTXHV ODFN WKH
FDSDELOLW\WRDGDSWWRG\QDPLFFKDQQHOVZLWFKLQJ$OWHUQDWLYHO\WKLVILEHUWUDQVPLVVLRQ
LPSDLUPHQWFDQEHPLWLJDWHGLQHOHFWURQLFGRPDLQXVLQJGLJLWDOFRKHUHQWUHFHLYHUV
7KXV WKH GLJLWDO FKURPDWLF GLVSHUVLRQ FRPSHQVDWLRQ FDQ EH SHUIRUPHG ZLWK ILQLWH
LPSXOVH UHVSRQVH ),5 HTXDOL]HUV >@ LQ WKH WLPH GRPDLQ 7' RU HOVH ZLWK
IUHTXHQF\ GRPDLQ HTXDOL]HUV >@%HVLGHV LQILQLWH LPSXOVH UHVSRQVH ,,5 ILOWHUV
FDQ DOVR EH HPSOR\HG WR FRPSHQVDWH &' LQ WKH '638 >@ +RZHYHU WKHVH ILOWHUV






























      
ZKHUH k GHQRWHV WKH GLVFUHWHWLPH LQGH[ ^ `  TDENk  TDEN UHSUHVHQWV WKH
QXPEHURIWDSVLQWKH7'),5HTXDOL]HUDQG sT GHQRWHVWKHV\PEROGXUDWLRQ7KH7'
),5HTXDOL]HURXWSXW VLJQDOV DUHJLYHQE\ WKHGLVFUHWH WLPH OLQHDU FRQYROXWLRQRI WKH
LPSXOVHUHVSRQVHZLWKWKHLQFRPLQJVLJQDOV
 khkeke XXF        
DQG
 khkeke YYF        
IRUWKH;DQG<SRODUL]DWLRQUHVSHFWLYHO\:KHUH LVXVHGWRGHQRWHWKHFRQYROXWLRQ
RSHUDWLRQ7KHVLJQDOVLQERWKSRODUL]DWLRQVXQGHUJRWKHVDPHW\SHRIGLVWRUWLRQGXHWR





ª  BNTDE       























 SVQP UHVSHFWLYHO\ 7KH VLPXODWHG%(5 LV VKRZQ DJDLQVW WKH UHTXLUHG RSWLFDO
VLJQDOWRQRLVHUDWLR26157KHFXUYHVIRUWZRGLIIHUHQWDPRXQWVRIILEHU&'FORVHO\









h h h hNTDE


















7KH 7'),5 HTXDOL]HUV GR QRW UHTXLUH IHHGEDFN VLJQDOV IRU WKHLU LPSOHPHQWDWLRQ
+RZHYHUWKHXVHRI7'),5HTXDOL]HUVLVQRWEHQHILFLDOIRUODUJHQXPEHURIWDSVRU
ODUJH ILEHUGLVWDQFHVEHFDXVHRI WKHLU ODUJHFRPSOH[LW\ >@7KLVFRPSOH[LW\
PDLQO\ UHVXOWV IURP WKH FRPSXWDWLRQDO HIIRUW UHTXLUHG IRU GLVFUHWH WLPH OLQHDU
FRQYROXWLRQ 7KHUHIRUH LW ZRXOG EH GLIILFXOW WR LPSOHPHQW 7'),5 ZLWK D ODUJH





FRPSOH[LW\ IRU XQFRPSHQVDWHG OLQNV ZLWK ODUJH FKDQQHO PHPRU\ >@ ,Q WKLV
UHVSHFW WKHGLVFUHWH)RXULHU WUDQVIRUPV')7VFDQEHHIILFLHQWO\FRPSXWHGEDVHGRQ
IDVW)RXULHUWUDQVIRUPV))7V,Q)'(VWKH))7VDUHH[HFXWHGXVLQJUDGL[RUUDGL[
 DOJRULWKPV 7KH IUHTXHQF\ GRPDLQ ILOWHULQJ RI LQFRPLQJ GLJLWDO VLJQDOV FDQ EH
DFKLHYHGE\XVLQJRYHUODSVDYHRURYHUODSDGGPHWKRGV>@
7KH RYHUODSVDYH DQG RYHUODSDGG PHWKRGV SURYLGH HIILFLHQW IUHTXHQF\ GRPDLQ
ILOWHULQJ RI ORQJ GDWD VHTXHQFHV )LOWHULQJ EDVHG RQ WKHVH WZRPHWKRGV LV DOVR RIWHQ
UHIHUUHG WR DV µIDVW FRQYROXWLRQ¶ LQ OLWHUDWXUH 7KH RYHUODSVDYH DQG RYHUODSDGG
PHWKRGV HPSOR\ EORFNZLVH FLUFXODU FRQYROXWLRQ WR DFFRPSOLVK GLVFUHWH OLQHDU
FRQYROXWLRQ,QWKHRYHUODSVDYHPHWKRGQRH[WUDDGGLWLRQVDUHUHTXLUHGDWWKHRXWSXW
VLQFHWKHRYHUODSVDWWKHHGJHVDUHVLPSO\GLVFDUGHG+RZHYHUWKHRYHUODSDGGPHWKRG
QHHGVDGGLWLRQRI WKHRYHUODSSDUWVDW WKHRXWSXW>@7KHUHIRUH WKHRYHUODSVDYH
PHWKRGLVFRPSXWDWLRQDOO\PRUHHIILFLHQWDVFRPSDUHGWRWKHRYHUODSDGGPHWKRG7KLV
VHFWLRQGHVFULEHVWKHRYHUODSVDYHPHWKRGZKLFKLVFRQVLGHUHGIRUIUHTXHQF\GRPDLQ











7KH RYHUODSVDYH LV DQ HIILFLHQW WHFKQLTXH WR HYDOXDWH WKH GLVFUHWH WLPH OLQHDU
FRQYROXWLRQEHWZHHQDYHU\ORQJGDWDVHTXHQFHDQGDODUJH),5ILOWHULQWKHIUHTXHQF\




EORFN DORQJ ZLWK LWV RYHUODS SDUW LV WHUPHG DV ))7VL]H 7KH RYHUODS SDUW LQ IDFW
FRPSULVHVRIGDWDIURPWKHQH[WEORFN,QWKHQH[WVWHSHDFKEORFNDQGLWVRYHUODSSDUW
XQGHUJRHV ))7 RSHUDWLRQ 7KH IUHTXHQF\ GRPDLQ GDWD LV WKHQ PXOWLSOLHG ZLWK WKH












RYHUODSSDUWV DW WKHEORFN HGJHV6R WKHJXDUG LQWHUYDOV *,V DUH QRW UHTXLUHG >@
















  c     












 c       
,Q  n UHSUHVHQWV WKH GLVFUHWHIUHTXHQF\ LH ^ `  Nn  Rs LV WKH $'&
VDPSOLQJ IUHTXHQF\ DQG N UHSUHVHQWV WKH ))7 OHQJWK 7KH LQFRPLQJ VLJQDOV DUH
PXOWLSOLHGZLWKWKHWUDQVIHUIXQFWLRQ
> @ > @ > @nHnEnE XXF c        
DQG
> @ > @ > @nHnEnE YYF c        
IRU WKH ; DQG < SRODUL]DWLRQ UHVSHFWLYHO\ ,Q  DQG  > @nEX DQG > @nEY 
UHSUHVHQW WKH ))7 EORFNV RI WKH LQFRPLQJ GLVFUHWH WLPH VLJQDOV keX DQG keY 




























































7KH VLPXODWHG WUDQVIHU IXQFWLRQ RI WKH &' HTXDOL]HU LQ RUGHU WR FRPSHQVDWH 
SVQP ILEHU&' LV VKRZQ LQ)LJXUH7KH UHDO DQG LPDJLQDU\SDUWV DUHSORWWHG LQ
)LJXUHDDQG)LJXUHEUHVSHFWLYHO\6LPLODUO\ WUDQVIHUIXQFWLRQRI WKH&'
HTXDOL]HULQRUGHUWRFRPSHQVDWHSVQPILEHU&'LVVKRZQLQ)LJXUH,WFDQ
EHQRWLFHG WKDW WKH UHDO DQG LPDJLQDU\ FRPSRQHQWVRI WKHHTXDOL]HU WUDQVIHU IXQFWLRQ
KDYHPRUHIUHTXHQWWUDQVLWLRQVDVWKHILEHUOHQJWKLQFUHDVHV
7KH UHFHLYHG FRQVWHOODWLRQV IRU ERWK 436. DQG 4$0 VLJQDOV DUH VLJQLILFDQWO\
GLVWRUWHGE\&'SUHVHQWLQWKHILEHUZKLFKUHVXOWVLQ,6,DVVKRZQLQ)LJXUHVD
DQGD,QWKLVFDVHWKHILEHUOLQNKDVSVQPILEHU&'7KLVFRUUHVSRQGVWR




































ILEHU OHQJWKRINP+RZHYHU WKHSURSRVHG)'(FDQFRPSHQVDWH WKH ,6, FDXVHG
GXHWR&'E\XVLQJDVXIILFLHQWQXPEHURI))7SRLQWVIRUERWK3'0436.DQG3'0


















EHHQ FRQGXFWHG IRU GLIIHUHQW OHQJWKV RI ILEHU LH GLIIHUHQW DPRXQWV RI ILEHU &'
)LJXUH  VKRZV WKH 2615 SHQDOW\ IRU D %(5 RI  DW GLIIHUHQW WUDQVPLVVLRQ
GLVWDQFHV GHVFULEHG LQ WHUPV RI DFFXPXODWHG&' IRU   DQG SRLQW ))7
SURFHVVLQJ LQD*EV3'0436.V\VWHP ,WKDVEHHQREVHUYHG WKDW)'(VKRZV





SRLQW))7EDVHG)'(V FDQHDVLO\ FRPSHQVDWHXS WRSVQPSVQPDQG
SVQP ILEHU&' UHVSHFWLYHO\7KLV FRUUHVSRQGV WR ILEHU OLQN GLVWDQFHV RI 
NPNPDQGNPUHVSHFWLYHO\%HVLGHVLWKDVEHHQREVHUYHGWKDWZKHQWKH





)LJXUH  FRPSDUHV WKH SHUIRUPDQFH RI )'( EDVHG &' HTXDOL]DWLRQ IRU  *EV
3'0436. DQG *EV 3'04$0 V\VWHPV ,W FDQ EH VHHQ WKDW D SRLQW

































)LJXUH  VKRZV WKH )'( SHUIRUPDQFH DW GLIIHUHQW YDOXHV RI ODVHU VXPOLQHZLGWK
WLPHVV\PEROGXUDWLRQ SURGXFW  sfT'  IRU 436. DQG 4$0 VLJQDOV 9LWHUEL DQG
9LWHUEL 9	9 DQG 436. SDUWLWLRQLQJ 436.3 FDUULHU SKDVH HVWLPDWLRQ VFKHPHV
KDYH EHHQ HPSOR\HG IRU WKH 436. DQG 4$0 VLJQDOV UHVSHFWLYHO\ >@ 7KH
ILEHUOLQNKDVSVQPILEHU&'7KLVFRUUHVSRQGVWRILEHUOHQJWKRINP)'(
ZLWK))7SRLQWVLVHPSOR\HGIRU&'FRPSHQVDWLRQKUHSUHVHQWVWKHFDUULHUSKDVH
HVWLPDWRU ILOWHU OHQJWK ,W KDV EHHQ REVHUYHG WKDW WKH VKRUWHU ILOWHU OHQJWK LH K  LV
VXLWDEOH IRUKLJKYDOXHVRI sfT' $V H[SHFWHG WKH436.VLJQDOV DUHPRUH OLQHZLGWK
WROHUDQW WKDQ 4$0 VLJQDOV )XUWKHUPRUH LW LV HYLGHQW WKDW )'( LV UREXVW DJDLQVW
ODUJH ODVHU OLQHZLGWKV IRU PRGHUDWH ILEHU &' YDOXH RI  SVQP /DVHU VXP






























FRPSHQVDWLQJ D ODUJH DPRXQW RI ,6, >@ 2Q WKH FRQWUDU\ WKH HTXDOL]HU
SHUIRUPDQFH EHFRPHV GLVSHUVLRQ OLPLWHG DW V\PERO UDWH VDPSOLQJ >@ 7KHUHIRUH
IUHTXHQF\GRPDLQHTXDOL]HUVEDVHGRQWZRVDPSOHVSHUV\PERODUHJHQHUDOO\HPSOR\HG
IRU,6,FRPSHQVDWLRQ
$OWHUQDWLYHO\ WKHHTXDOL]HUFDQEHRSHUDWHGDW UHGXFHG$'&RYHUVDPSOLQJ UDWHV LH
OHVVWKDQWZLFHWKHEDXGUDWH>@,QWKLVUHVSHFWRQHRSWLRQLVWRLQWHUSRODWHWKH
GDWD DW WKH RXWSXW RI $'&V WR  VDPSOHV SHU V\PERO ,Q WKLV FDVH 0$7/$%70
IXQFWLRQ µVSOLQH¶ LV HPSOR\HG KHUH WKDW SHUIRUPV D FXELF VSOLQH LQWHUSRODWLRQ DW WKH
RXWSXW RI $'&V >@ &RQVHTXHQWO\ WKH UHDO DQG LPDJLQDU\ FRPSRQHQWV RI WKH
LQFRPLQJGLVFUHWH WLPHVLJQDOV keX DQG keY  VDPSOHGDW OHVV WKDQ WZLFH WKHEDXG
UDWHDUHLQWHUSRODWHGWRWKHQHZVHWRIVDPSOHVZLWKGDWDSRVLWLRQVFRUUHVSRQGLQJWR



























^ `ssss TKTTkT        
IRUDQRYHUVDPSOLQJUDWH ss TR  OHVVWKDQVDPSOHVSHUV\PEROLVLQWHUSRODWHGWR
QHZGLVFUHWHWLPHSRVLWRQV
^ `ssss TKTTTk cccccc       





7KH VSOLQH LQWHUSRODWLRQ FDQ EH HPSOR\HG WR WKH$'&RXWSXWV IRU RSHUDWLQJ)'( DW
UHGXFHGRYHUVDPSOLQJUDWHVDVVKRZQLQ)LJXUH$OWHUQDWLYHO\ WKH$'&RXWSXWV
ZKLFK DUH RYHUVDPSOHG DW OHVV WKDQ  VDPSOHV SHU V\PERO FDQ EH GLUHFWO\ SURFHVVHG
ZLWKRXW DQ\ LQWHUSRODWLRQ EHIRUH WKH IUHTXHQF\ GRPDLQ HTXDOL]HUV ,Q WKLV FDVH WKH
HTXDOL]HUWUDQVIHUIXQFWLRQLVPRGLILHGDFFRUGLQJO\IRUWKHQHZVDPSOLQJUDWHRs
,WVKDOOEHQRWHGWKDWWKHFRQFHSWRISHUIRUPLQJIUHTXHQF\GRPDLQHTXDOL]DWLRQZLWKRXW
LQWHUSRODWLRQ VWULFWO\ UHODWHV WR WKH FDVH RI QRW DSSO\LQJ LQWHUSRODWLRQ DW WKH $'&
RXWSXWV DV VKRZQ LQ )LJ  )RU WKH µZLWKRXW LQWHUSRODWLRQ¶ FDVH WKH LQWHUSRODWRU











EDVHG )'( LV HPSOR\HG IRU &' FRPSHQVDWLRQ 7KH HTXDOL]DWLRQ SHUIRUPDQFH LV
REVHUYHG IRU ERWK FDVHV ZLWKRXW LQWHUSRODWLRQ DQG ZLWK VSOLQH LQWHUSRODWLRQ DW WKH
RXWSXW RI $'&V 7KH )'( SHUIRUPV PDUJLQDOO\ EHWWHU ZLWK VSOLQH LQWHUSRODWLRQ IRU







UHGXFHG $'& RYHUVDPSOLQJ UDWH RI  VDPSOHV SHU V\PERO ZLWK DQG ZLWKRXW
LQWHUSRODWLRQDWWKHRXWSXWRI$'&VDWGLIIHUHQWILEHUOLQNOHQJWKVIRU*EV3'0
436.,WFDQEHREVHUYHGWKDWDOWKRXJKWKHUHLVDVOLJKW2615SHQDOW\LQHPSOR\LQJ
UHGXFHG RYHUVDPSOLQJ UDWH EXW ZLWKRXW LQWHUSRODWLRQ WKH UREXVWQHVV RI WKH )'( LV
H[WHQGHG RYHU ODUJHU ILEHU GLVWDQFH 7KXV ZLWKRXW LQWHUSRODWLRQ PRUH DFFXPXODWHG
ILEHU &' FDQ EH WROHUDWHG 6R WKLV VRPHKRZ LV DQ DGYDQWDJH ZKLFK LV DWWDLQHG


































6LQFH WKH GHPDQG IRU KLJK GDWDUDWHV LV HYHU LQFUHDVLQJ $'&V ZLWK KLJK VDPSOLQJ
UDWHVDUH UHTXLUHGDW WKH LQSXWRI'638V+RZHYHU WKHXVHRI UHGXFHGRYHUVDPSOLQJ
UDWHV LQ )'(VZLWK ORZ SHUIRUPDQFH GHJUDGDWLRQ FDQ HQDEOH XVH RI ORZFRVW $'&V
ZLWKORZVDPSOLQJUDWHV,QWKLVUHVSHFWVDPSOHVSHUV\PERORUHYHQORZHU$'&
RYHUVDPSOLQJUDWHVFDQEHXVHGZLWKVPDOO2615SHQDOW\)XUWKHUPRUHLWDOVRORZHUV
WKHVDPSOLQJ UDWHGHPDQGIRU UHDOWLPHVDPSOLQJRVFLOORVFRSHV 572V7KHVH572V
DUHDQLPSRUWDQWWRROIRUWKHSHUIRUPDQFHDQDO\VLVDQGRIIOLQHGLJLWDOVLJQDOSURFHVVLQJ
RIKLJKFDSDFLW\ ILEHURSWLFV\VWHPV+RZHYHU LWPXVWEH UHPHPEHUHG WKDW WKHVSOLQH
LQWHUSRODWLRQ UHTXLUHV DGGLWLRQDO FRPSXWDWLRQDO HIIRUW LQ WKH HTXDOL]DWLRQ SURFHVV
7KHUHLVLQIDFWDWUDGHRIIEHWZHHQFRPSXWDWLRQDOHIIRUWDQGDPDUJLQDOSHUIRUPDQFH
LPSURYHPHQW,WPLJKWEHSUHIHUUHGWRVDFULILFHE\KDYLQJDPDUJLQDO2615SHQDOW\





























7KH 7'),5 EDVHG &' HTXDOL]HU XVHV GLVFUHWH WLPH FRQYROXWLRQ ,Q WHUPV RI
FRPSXWDWLRQDOHIIRUWD7'),5EDVHG&'HTXDOL]HUUHTXLUHV
 TDEM NC         
FRPSOH[PXOWLSOLFDWLRQVDQG
   TDETDEA NNC        
FRPSOH[ DGGLWLRQV IRU SURFHVVLQJ LQFRPLQJ GDWD EORFN RI OHQJWK TDEN  6R DV DQ
H[DPSOH D  WDS 7'),5 HTXDOL]HU UHTXLUHV  FRPSOH[ PXOWLSOLFDWLRQV DQG
FRPSOH[DGGLWLRQVIRUSURFHVVLQJGDWDRIEORFNRIOHQJWK)RURQO\DWDS
HTXDOL]HUWKHFRPSXWDWLRQDOFRPSOH[LW\LVDOUHDG\YHU\KLJK0RUHRYHULWFDQHTXDOL]H
RQO\ XS WR SVQP ILEHU&' ,Q WHUPV RI FRPSXWDWLRQDO HIIRUW SHU VDPSOH WKLV
FRUUHVSRQGV WR  FRPSOH[ PXOWLSOLFDWLRQV DQG  FRPSOH[ DGGLWLRQV 7KHUHIRUH
7'),5LVQRWVXLWDEOHIRUWKHFRPSHQVDWLRQRIODUJHDPRXQWRIILEHU&'EHFDXVHODUJH




 NNCM ORJ       
FRPSOH[PXOWLSOLFDWLRQVDQG
 NNCA ORJ        
FRPSOH[ DGGLWLRQV +HQFH WKH RYHUODSVDYH PHWKRG EDVHG )'( UHTXLUHV







PXOWLSOLFDWLRQV WR UHDOL]H ILOWHULQJDQG  NN ORJ FRPSOH[PXOWLSOLFDWLRQV IRU WKH
,))7RSHUDWLRQDWWKHRXWSXW2YHUDOO
 NNNCM  ORJ       
FRPSOH[PXOWLSOLFDWLRQVDUHUHTXLUHGIRUWKHSURFHVVLQJRIRQHGDWDEORFNRIOHQJWKN
LQ WKH )'( )XUWKHUPRUH WKH RYHUODSVDYH PHWKRG EDVHG )'( UHTXLUHV NN ORJ
FRPSOH[ DGGLWLRQV IRU WKH ))7 RSHUDWLRQ DW WKH LQSXW DQG NN ORJ FRPSOH[
PXOWLSOLFDWLRQVIRUWKH,))7RSHUDWLRQDWWKHRXWSXW6R
 NNCA ORJ        
FRPSOH[DGGLWLRQVDUHUHTXLUHGIRUWKHSURFHVVLQJRIRQHGDWDEORFNRIOHQJWKN LQWKH
)'(7KHUHIRUH DV DQ H[DPSOH D  SRLQW ))7EDVHG)'(ZRXOG UHTXLUH 
FRPSOH[PXOWLSOLFDWLRQV DQG  FRPSOH[ DGGLWLRQV WR HTXDOL]H RQH GDWD EORFNRI
OHQJWK7KLVSRLQWEDVHG)'(LVFDSDEOHRIFRPSHQVDWLQJSVQPRI
ILEHU&'DVVHHQLQVHFWLRQ,WHQDEOHVUREXVWGDWDWUDQVPLVVLRQRYHUNPILEHU




















7KLV FKDSWHU H[WHQGV WKHZRUN UHODWHG WR&' FRPSHQVDWLRQ LQ WKH GLJLWDO GRPDLQ WR
LQFOXGH EOLQG DGDSWDWLRQ IHDWXUH 6HFWLRQ  LQWURGXFHV WKH EOLQG &' HTXDOL]DWLRQ
$GDSWLYHVHDUFKEDVHGIUHTXHQF\GRPDLQ)'&'HVWLPDWLRQWHFKQLTXHLVSUHVHQWHGLQ
VHFWLRQ$GDSWLYH&'HVWLPDWLRQ LQ WKHSUHVHQFHRI30' LVSUHVHQWHG LQ VHFWLRQ
7KH EOLQG&'HVWLPDWLRQ SHUIRUPDQFH DW UHGXFHG VDPSOLQJ UDWHV LV SUHVHQWHG LQ
VHFWLRQ  6HFWLRQ  GLVFXVVHV WKH ZRUN SUHVHQWHG LQ WKLV FKDSWHU LQ WHUPV RI






G\QDPLF &' FKDQJHV LQ WKH FKDQQHO 6R LW LV HVVHQWLDO WKDW WKH &' HTXDOL]HUV
DGDSWLYHO\FRPSHQVDWH&'SUHVHQWLQWKHFKDQQHO,QWKLVSHUVSHFWLYHWKHILEHU&'FDQ
HLWKHU EH HVWLPDWHG XVLQJ SLORW V\PEROV >@ RU HVWLPDWHG EOLQGO\ >@ 7KH
WUDLQLQJ V\PEROV EDVHG &' HVWLPDWLRQ WHFKQLTXHV KDYH DGGLWLRQDO RYHUKHDG DQG
WKHUHIRUH WKHUH LV DQ LQKHUHQW UHGXFWLRQ LQ VSHFWUDO HIILFLHQF\ 6R WKH EOLQG )'&'
HVWLPDWLRQWHFKQLTXHLVFRQVLGHUHGKHUH&'FDQEHHVWLPDWHGDVDVLGHSURFHVVVLQFHLW









WR EH FRPSXWHG XVLQJ D ILOWHU IXQFWLRQ RYHU D UDQJH RI SRVVLEOH &' YDOXHV
&RQVHTXHQWO\ WKHUHZRXOG EH XQGHVLUHG FRPSXWDWLRQDO FRPSOH[LW\ RU ODWHQF\ LQ WKH












HPSOR\LQJ DQ ))7EDVHG PDSSLQJ KDV EHHQ SUHVHQWHG LQ >@ WR VLPSOLI\ WKHVH
KDUGZDUH UHVRXUFHV FRQVXPLQJ KHXULVWLF DSSURDFKHV +RZHYHU WKHUH LV YHU\ OLPLWHG
FRQWURO RYHU WKH DGMXVWPHQW RI PLQLPXP DQG PD[LPXP ILEHU &' YDOXHV DQG WKH
UHVROXWLRQRIWKHVHYDOXHV
7KHUHIRUH D WZRVWHS DGDSWLYH DSSURDFK IRU EOLQG HVWLPDWLRQ RI ILEHU &' LQ WKH




,Q WKH '63 HQDEOHG FRKHUHQW UHFHLYHUV WKH ILEHU &' LV HVWLPDWHG EOLQGO\ DV D VLGH
SURFHVV DQG WKHQ IHG WR WKH )'( )LJXUH  VKRZV WKH EORFN GLDJUDP RI D GLJLWDO
FRKHUHQW3'0V\VWHPDQGLWV'63XQLW7KH'63XQLWDOVRLQFOXGHVWKHEOLQG)'&'
HVWLPDWRU PRGXOH LQFRUSRUDWHG ZLWK &' HTXDOL]HU PRGXOH 'HSHQGLQJ XSRQ WKH













IRU )'( *RGDUG¶V &7 EDVHG HVWLPDWLRQ LV DSSOLHG >@ *RGDUG¶V &7 FRPSRQHQW
RFFXUVDWWKHIUHTXHQF\LQGH[
sR









&' LV YHU\ ODUJH )RU D WZRIROG RYHUVDPSOHG VLJQDO ZKLFK LV FRQVLGHUHG LQ WKLV




















 c       
,Q CDi LV WKH DSSOLHG&'ZKLFK LGHDOO\ LV WKH QHJDWLYH RI WKH ILEHU&' WR EH
FRPSHQVDWHG,WPD\EHQRWHGWKDWWKH&'FRPSHQVDWRUILOWHUIXQFWLRQVFDQEHVWRUHGLQ
D ORRNXS WDEOH IURPWKHKDUGZDUH LPSOHPHQWDWLRQSRLQWRIYLHZ)RU WKHSXUSRVHRI
ODWHUHVWLPDWLQJWKHQHFHVVDU\FRPSHQVDWRU&'DQLQGH[iLVGHILQHGE\




7KHVWHSVL]H s' LQPXVWEHFDUHIXOO\DQGRSWLPDOO\VHOHFWHG$ODUJHYDOXHRI s' 
DERYHSVQPZRXOGQRWUHVXOWLQDQRSWLPDOH[HFXWLRQRI*RGDUG¶V&7GHWHFWLRQ
WKXVHVWLPDWLQJ&'HUURQHRXVO\2QWKHRWKHUKDQGDVPDOOYDOXHRI s' ZRXOGOHDGWR
EHWWHU SUHFLVLRQ RI WKH EOLQG &' HVWLPDWRU +RZHYHU D ODUJH QXPEHU RI WKH
FRPSHQVDWLQJILOWHUIXQFWLRQVLHZRXOGQHHGWREHSURFHVVHGLQWKH'63WKHUHE\
GULYLQJXSWKHQXPEHURIFRPSXWDWLRQV7KHHTXDOL]HGVSHFWUXP > @nEF ILOWHUHGE\WKH
&'FRPSHQVDWRULVJLYHQE\
> @ > @ > @nHnEnE iCDF c       
ZKHUH > @nE LVWKHUHFHLYHGVLJQDOVSHFWUXPLQ;RU<SRODUL]DWLRQ+HUHWKHVHVLJQDO
VSHFWUDFRUUHVSRQGWR))7EORFNVRI keX DQG keY LH > @ `^ keFFTnE XX  DQG
> @ `^ keFFTnE YY  7KHVH))7VKDYHNSRLQWV
6R*RGDUG¶V&7EDVHGFRVWIXQFWLRQ









FFCT NnEnEiJ      
LV REWDLQHG E\ WKHNF\FOLF DXWRFRUUHODWLRQ RI WKH UHFHLYHG VLJQDO VSHFWUXP DIWHU LWV
ILOWHULQJE\WKH&'HTXDOL]HUIXQFWLRQ,WVKDOOEHQRWHGWKDWFRQWDLQVWKHVXPRI
WKH PXOWLSOLHG ILOWHUHG VSHFWUD > @ > @













 UHVWRUHV *RGDUG¶V FORFN WRQH FRPSRQHQW &RQVHTXHQWO\ WKH PDWFKLQJ ILOWHU
IXQFWLRQLQGLFDWHVWKHFRPSHQVDWRU&'WREHDSSOLHG
,W LV FOHDU IURP  WKDW LW UHTXLUHV FRPSXWDWLRQV RYHU WKH LQGH[ i LH KHXULVWLF
FRVW IXQFWLRQ FRPSXWDWLRQV RYHU D UDQJH RI &' FRPSHQVDWRU ILOWHU IXQFWLRQV
&RQVHTXHQWO\  FDQ EH DOWHUHG DQG VLPSOLILHG LQWR DQ H[SUHVVLRQ >@ ZKHUH
PXOWLSOLFDWLRQZLWKGLIIHUHQWILOWHUIXQFWLRQVLVQRWUHTXLUHG
> @ > @ > @`^  NnEnEFFTnJFFT c c       












 c      
%\ > @PD[DUJ nJ FFT
n
c
c WKDW LQGH[ n






 '        
7KLV FRUUHVSRQGV WR&' VHDUFK UHVROXWLRQ RI  SVQP IRU WKH VLPXODWHG *EDXG
V\VWHP 7KH ))7 ELQ nc FRUUHVSRQGLQJ WR WKH PD[LPXP YDOXH RI FFTJ LV XVHG WR








)RUWKHVHFRQGVWHSDQHZUHJLRQ CD'  SVQPDURXQG FFTCD LVGHILQHGZLWK
VFDQVWHSVRI s'  SVQP,QJHQHUDO s' PLJKWWKHRUHWLFDOO\DWWDLQDQ\YDOXHOHVV
WKDQ s' DQG JUHDWHU WKDQ RU HTXDO WR  SVQP+RZHYHU ZH ILQG WKDW IRU KLJK &'
VHDUFKUHVROXWLRQVLHYDOXHVRI s' WKDWDUHVPDOOHUWKDQSVQPWKHFRVWIXQFWLRQ
EHFRPHVPRVWO\LQVHQVLWLYHWRFKDQJLQJYDOXHVRIi+HQFHZHVHW s'  SVQPIRU
VLPXODWLRQV FRQVLGHUHG LQ WKLV FKDSWHU $Q RSWLPL]HG LQGH[ VHDUFK EDVHG RQ WKH &7
H[SUHVVLRQLVSHUIRUPHGXVLQJEXWZLWKDQRUPDOL]HGWKUHVKROG17,QRUGHUWR
REWDLQ LW DOO WKH YDOXHV FRPSXWHG E\  DUH QRUPDOL]HG E\ WKH PD[LPXP YDOXH
GHWHFWHG E\  7KH RSWLPL]HG DQG SUHFLVH&' HVWLPDWH LV JLYHQ E\ D VHDUFK IRU
FRQYHQLHQFHLQQHJDWLYHGLUHFWLRQWKURXJKWKHLQGLFHV









'     
LQFRQMXQFWLRQZLWK7KDW LQGH[ CTi LVFKRVHQZKLFK\LHOGVWKHPD[LPXPYDOXH
RI CTJ WKHFRUUHVSRQGLQJ&'LV
CTCT isCD '         
7KHRSWLPL]HGDQGSUHFLVHHVWLPDWHG&'YDOXH CTCD ZRXOGFRUUHVSRQGWRWKHLQGH[
RIZKHUHWKHDEVROXWHYDOXHRIWKHFRVWIXQFWLRQH[FHHGVWKH17%HVLGHVLWPXVW
DOVRVDWLVI\ > @ > @r! iJiJ CTCT DVDFRQGLWLRQWRREWDLQDJOREDOPD[LPXPDQGDYRLG



















VHDUFK XQOLNH DOJRULWKPV LQ >@ $ VFDQQLQJ UHVROXWLRQ RI  SVQP KDV
EHHQHPSOR\HG LQ UHFHQWZRUN >@+RZHYHU IRU WKHSURSRVHGDOJRULWKPDKLJK
UHVROXWLRQ VWHSVL]H RI  SVQP LV HPSOR\HG ZKLOH DFKLHYLQJ D VLJQLILFDQWO\ ORZHU
FRPSOH[LW\
,QRUGHU WRPHULW WKHSHUIRUPDQFHRI WKH&'HVWLPDWRUDKLJKHU ODVHUVXPOLQHZLGWK







RYHU ))7EORFNV RI WKH UHFHLYHG GDWD LQ RUGHU WR DYHUDJH DQG UHGXFH WKH HIIHFW RI
QRLVH7KHUHIRUHV\PEROVSHUSRODUL]DWLRQDUHXVHGIRUWKH&'HVWLPDWLRQ'XHWR
WKHRYHUODSDQGVDYHPHWKRGWKH))7VL]HLV7KHQXPEHURIV\PEROVXVHGKHUH









YDOXHV LQ WKH LQLWLDO VHDUFK7KHPD[LPDRFFXUDW SVQP SVQPDQG 
 SVQP IRU ILEHU &' RI  SVQP  SVQP DQG  SVQP
UHVSHFWLYHO\































WKH&7 WKUHVKROG )LJXUH ,W VFDQV IRUPD[LPDKDYLQJDQ17H[FHHGLQJDQG
VDWLVI\LQJ WKH JOREDO PD[LPXP FRQGLWLRQ 2QFH WKH JOREDO PD[LPXP FRQGLWLRQ
FRUUHVSRQGLQJ WR WKHDFFXUDWH&'HVWLPDWH LVREWDLQHG WKHEOLQG&'HVWLPDWRU VWRSV
WKHVHDUFKSURFHVVLPPHGLDWHO\
,Q RUGHU WR IXUWKHU YHULI\ WKH SHUIRUPDQFH RI WKLV DOJRULWKP KLVWRJUDPV RI WKH &'
HVWLPDWLRQ HUURU KDYH EHHQ FRPSXWHG RYHU GLIIHUHQW VFHQDULRV 6R  UDQGRP
LQGHSHQGHQW FKDQQHOV ZLWK GLIIHUHQW ILEHU &' YDOXHV KDYH EHHQ JHQHUDWHG IRU HDFK
7;5; VFHQDULR ,Q WKLV UHVSHFW WKH YDOXHV RI ILEHU &' DUH UDQGRPO\ YDULHG LQ
WKH UDQJH RI  SVQP ZLWK D XQLIRUP GLVWULEXWLRQ $Q ))7 VL]H RI  LV
VXIILFLHQW WR HVWLPDWH&' LQ WKLV UDQJH)LJXUHD VKRZV WKH&'HVWLPDWLRQ HUURU
KLVWRJUDP DW GLIIHUHQW 2615 YDOXHV IRU QRQUHWXUQWR]HUR 15= DQG 5=3'0
436. 6LPLODUO\ WKH &' HVWLPDWLRQ HUURU KLVWRJUDP DW GLIIHUHQW 2615 YDOXHV IRU
15=DQG5=3'04$0LVVKRZQLQ)LJXUHE




























RI sfT' IRU 15= DQG 5=3'0436. DQG15= DQG 5=3'04$0 7KHUH LV
QHJOLJLEOH SHUIRUPDQFH GHJUDGDWLRQ LQ WKH &' HVWLPDWLRQ IRU15= FRPSDUHG WR 5=
GDWD)LJXUHVDQG7KLVLVEHFDXVH5=GDWDKDVDVWURQJFORFNFRPSRQHQWLQWKH
PRGXODWLRQ VSHFWUXP+RZHYHU LW LV HYLGHQW WKDW WKHPD[LPXP&'HVWLPDWLRQ HUURU
UHPDLQVFRQILQHGWRWKHUHJLRQRISVQP)LJXUHVDQGIRUDOOWKH7;5;
VFHQDULRV 7KLV &' HVWLPDWLRQ HUURU LV QHJOLJLEOH EHFDXVH WKH VHFRQG VWDJH 0,02
HTXDOL]HU SUHVHQWHG LQ WKH QH[W FKDSWHU ZLOO DOVR FRPSHQVDWH WKH UHVLGXDO &'
&RQVHTXHQWO\ WKH SURSRVHG QRQGDWD DLGHG &' HVWLPDWLRQ DOJRULWKP FDQ HIILFLHQWO\
DQG DFFXUDWHO\ZRUN IRU GLIIHUHQWPRGXODWLRQ IRUPDWV DQG SXOVH VKDSHV HYHQ LQ WKH
SUHVHQFHRIQRLVH
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 SV DQG  SV UHVSHFWLYHO\ 7KHPD[LPD RFFXUZLWK DQ DSSDUHQW GHYLDWLRQ LQ WKH



































































)XUWKHUPRUH SUHFLVH DQG RSWLPL]HG&' HVWLPDWHV DUH REWDLQHG DIWHU WKH VHFRQG VWHS
VHDUFK DV VKRZQ LQ )LJXUH   $V REVHUYHG WKH &' HVWLPDWLRQ DOJRULWKP VKRZV
UHVLOLHQFHDJDLQVWODUJHPHDQ'*'YDOXHVSUHVHQWLQWKHILEHU

























































































































,Q WKLV VHFWLRQ WKH WZRVWHS EOLQG &' HVWLPDWLRQ DOJRULWKP LV JHQHUDOL]HG WR EH
DSSOLFDEOH WR UHGXFHG $'& RYHUVDPSOLQJ UDWHV ,Q  N c LV QRQSRZHU RI  IRU
UHGXFHGRYHUVDPSOLQJUDWHV\LHOGLQJQRQRSWLPDO))7LPSOHPHQWDWLRQ,QVXFKFDVHV























 c      
+HUH N cc LV WKH ))7 VL]H WKDW UHIHUV WR WKH QH[W SRZHU RI  JUHDWHU WKDQ N c  7KDW
PHDQV NN c cc IRUWKHVSHFLDOFDVHZKHQN c LWVHOILVDSRZHURI,QLWLDOO\LV




c '        
$VSHFLILFGHILQLWLRQRIFRDUVH&'VHDUFK UHVROXWLRQ IRU WZR WLPHVRYHUVDPSOLQJKDV
EHHQSUHVHQWHG LQVHFWLRQ:KHUHDVHTXDWLRQ LVDJHQHUDOGHILQLWLRQRI WKH
FRDUVH &' VHDUFK UHVROXWLRQ WKDW LV DSSOLFDEOH WR DQ\ $'& RYHUVDPSOLQJ UDWHV
HJSVQPDW BRs  KROGVDVLQ+RZHYHUFDQEHHPSOR\HGRQO\LI





7KH ILUVW VWHS &' VHDUFK E\ HPSOR\LQJ  DURXQG ILEHU &' RI  SVQP LV
VKRZQLQ)LJXUHDVDQH[DPSOHIRU*EV5=3'0436.7KHPD[LPDRFFXU



























DW  SVQP  SVQP DQG  SVQP IRU   DQG  VDPSOHV SHU
V\PERO UHVSHFWLYHO\ZLWKDQDSSDUHQWGHYLDWLRQ LQHVWLPDWHG&'YDOXHV ,W LVFDQEH
REVHUYHG WKDW WKH ZLGWK RI WKH GHWHFWHG SHDN LQFUHDVHV ZLWK UHGXFWLRQ LQ WKH
RYHUVDPSOLQJ UDWH %HVLGHV LW FDQ DOVR EH REVHUYHG WKDW WKH VLGHOREHV SDUWLFXODUO\
LQFUHDVH DW  VDPSOHV SHU V\PERO 7KH DXWRFRUUHODWLRQ IXQFWLRQ GHPRQVWUDWHV
VLGHOREHV EHFDXVH RI WKH QRQRSWLPXP VDPSOH LQVWDQFHV DW ORZ VDPSOLQJ UDWH







/LNH ODVW VHFWLRQ SHUIRUPDQFH RI WKH DOJRULWKP LV IXUWKHU YHULILHG DQG DQDO\]HG
E\ FRPSXWLQJ KLVWRJUDPV RI &' HVWLPDWLRQ HUURU RYHU  UDQGRP LQGHSHQGHQW
FKDQQHOV IRU HDFK 7;5; VFHQDULR DW UHGXFHG $'& RYHUVDPSOLQJ UDWHV 7KH ILEHU
&' LV YDULHG LQ WKH UDQJH RI  SVQP )LJXUH  D VKRZV WKH &'
HVWLPDWLRQHUURUKLVWRJUDPDWDQGVDPSOHVSHUV\PERO IRU15=DQG5=
3'0436.6LPLODUO\)LJXUH E VKRZV WKH VDPH IRU15=DQG5=3'0
4$0 7KH DOJRULWKP LV UREXVW LQ DOO FDVHV DQG WKH HUURU LV ZLWKLQ  SVQP HYHQ

































 NNCM cc ORJ       
FRPSOH[PXOWLSOLFDWLRQVDQG
 NNCA cc ORJ        
FRPSOH[DGGLWLRQV IRU WKH UDGL[DOJRULWKP)XUWKHUPRUH)'ILOWHULQJRSHUDWLRQV
LQWKHZRUVWFDVHDUHUHTXLUHGLQDWDVWHSVL]HRISVQP7KLVUHTXLUHV
 NCM          
FRPSOH[PXOWLSOLFDWLRQVDQG





























































   NCA        
FRPSOH[DGGLWLRQV7KHUHIRUHIRUHVWLPDWLQJ&'LQWKHUDQJHRISVQPDVDQ
H[DPSOH DW  N  FRPSOH[PXOWLSOLFDWLRQVDQGFRPSOH[DGGLWLRQVDUH
UHTXLUHG IRU FRPSXWLQJ  0RUHRYHU  FRPSOH[ PXOWLSOLFDWLRQV DQG 
FRPSOH[DGGLWLRQVDUHUHTXLUHGIRUFRPSXWLQJ,QFRPSDULVRQWKHVWDWHRIWKHDUW
>@ZRXOGUHTXLUHILOWHULQJRSHUDWLRQVLH
 NCM          
FRPSOH[PXOWLSOLFDWLRQVDQG



















H[SODLQV WKH 0,02 HTXDOL]DWLRQ WHFKQLTXH IRU GLJLWDO FRPSHQVDWLRQ RI 30' DQG
UHVLGXDO &' 7KH VWDQGDUG FRQVWDQW PRGXOXV DOJRULWKP &0$ EDVHG 0,02
HTXDOL]DWLRQ RI436. VLJQDOV LV SUHVHQWHG LQ VHFWLRQ   6HFWLRQ  GHVFULEHV WKH
&0$ DGDSWDWLRQ IRU WKH PXOWLOHYHO 4$0 VLJQDOV 3DUWLDO XSGDWH EDVHG HIILFLHQW
LPSXOVHUHVSRQVHXSGDWLQJSDWWHUQVDUHGHYHORSHGLQVHFWLRQIRU&0$4$0EDVHG
0,02HTXDOL]DWLRQ6HFWLRQSUHVHQWVWKH''/06EDVHGHTXDOL]DWLRQ7KHSDUWLDO
XSGDWH ''/06 EDVHG0,02 HTXDOL]DWLRQ LV SUHVHQWHG LQ VHFWLRQ  6HFWLRQ 
GLVFXVVHVWKHZRUNSUHVHQWHGLQWKLVFKDSWHULQWHUPVRIFRPSOH[LW\DQGSHUIRUPDQFH












8QOLNH &' ZKLFK LV D TXDVLVWDWLF ILEHU FKDQQHO LPSDLUPHQW DW OHDVW IRU QRQ










)LJXUH  GHSLFWV WKH [ 0,02 HTXDOL]HU VFKHPDWLF ,W HPSOR\V IRXU ),5 ILOWHUV
XXK  XYK  YXK DQG YYK  7KH LPSXOVH UHVSRQVHV XYK DQG YXK UHSUHVHQW WKH









HTXDOL]HU WR IROORZDFRQVWDQWDPSOLWXGH OHYHODQG WKXV WKHHTXDOL]HUFRQYHUJHV7KH







WZR RUWKRJRQDO SRODUL]DWLRQV 30' DQG UHVLGXDO &' FRPSHQVDWLRQ LQ 3'0436.
V\VWHPV>@
7KHWZRRXWSXWVRIWKH&0$EDVHG0,02HTXDOL]HUE\HPSOR\LQJ),5ILOWHUV XXK 
XYK  YXK DQG YYK KDYLQJOHQJWK TN FDQEHUHSUHVHQWHGDV





YXYo ke HKHK        
ZKHUH XiH DQG YiH DUH WKH HTXDOL]HU LQSXW YHFWRUV RI OHQJWK TN ZLWK UHVSHFW WR WKH
UHIHUHQFH VDPSOH PDLQ VDPSOH k IRU WKH ; DQG < SRODUL]DWLRQV UHVSHFWLYHO\ DQG




   kJkk XCMAgXXXX XXKKK   P    
     kJkk XCMAgXYXY XYKKK   P    
     kJkk YCMAgYXYX YXKKK   P    
     kJkk YCMAgYYYY YYKKK   P    
ZKHUH gP UHSUHVHQWV WKH 0,02 HTXDOL]HU XSGDWH JDLQ DQG  XXK   XYK 
 YXK DQG  YYK UHSUHVHQW WKH JUDGLHQW RSHUDWRUV ZLWK UHVSHFW WR LPSXOVH










§   











§   
 keEkJ YoYCMA     
IRU WKH ; DQG < SRODUL]DWLRQV UHVSHFWLYHO\ +HUH ^`E UHSUHVHQWV WKH H[SHFWDWLRQ
RSHUDWRU%DVHGRQFRPSOH[PDWUL[FDOFXOXVWKHJUDGLHQWRSHUDWLRQVLQDUH
JLYHQDV
  *XiXoXoXCMA kekekJXX HK   ¹¸·©¨§      
    *YiXoXoXCMA kekekJXY HK   ¹¸·©¨§      
    *XiYoYoYCMA kekekJYX HK   ¹¸·©¨§      
    *YiYoYoYCMA kekekJYY HK   ¹¸·©¨§      
ZKHUH UHSUHVHQWV  WKHFRPSOH[FRQMXJDWHRSHUDWLRQ+HQFHIRUWK WKHXSGDWHRI IRXU
LPSXOVHUHVSRQVHVIRUWKH&0$EDVHG0,02HTXDOL]HUFDQEHUHSUHVHQWHGDV
*
XiXoXgXXXX keDkk HKK  P      
  *YiXoXgXYXY keDkk HKK  P      
  *XiYoYgYXYX keDkk HKK  P      
  *YiYoYgYYYY keDkk HKK  P      
7KHHTXDWLRQVDLPDWPLQLPL]LQJWKHSRZHUHUURUV
   keD XoX         
DQG








2QFH WKH WDSVRI WKH0,02HTXDOL]HUKDYHFRQYHUJHG WKHSRZHUGLIIHUHQFHV
ZRXOGWHQGWREH]HUR)LJXUHGHSLFWVWKHVFKHPDWLFRI&0$EDVHG0,02
HTXDOL]HU $V VKRZQ LQ WKLV VFKHPDWLF WKH RXWSXW VLJQDOV RI ),5 ILOWHUV DUH XVHG WR








7KH WDSV RI WKH VWDQGDUG &0$ EDVHG 0,02 HTXDOL]HU DUH LQLWLDOL]HG DV VKRZQ LQ
)LJXUH7KHLPSXOVHUHVSRQVHV XXK DQG YYK DUHLQLWLDOL]HGE\VHWWLQJWKHFHQWHU

















































WDSV WR  ZKLOH DOO RWKHU WDSV DUH VHW WR ]HUR +RZHYHU DOO WKH WDSV RI LPSXOVH
UHVSRQVHV XYK DQG YXK DUH VHW WR ]HUR$IWHU LQLWLDOL]DWLRQRI WKH WDSV WKHHTXDOL]HU
FRQYHUJHVXVLQJ)LJXUHVKRZVWKHH[HPSODU\LPSXOVHUHVSRQVHVRID
FRQYHUJHGWDS0,02HTXDOL]HUEDVHGRQVWDQGDUG&0$IRU*EV3'0436.
VHWXS,WFDQEHREVHUYHGWKDWWKHLPSXOVHUHVSRQVHV XXK DQG YYK KDYHKLJKHUSRZHU
FRPSDUHGWR XYK DQG YXK 
7KH UHFHLYHG FRQVWHOODWLRQ GLDJUDP IRU  *EV 3'0436. ZLWKRXW 0,02
HTXDOL]HU LVVLJQLILFDQWO\GLVWRUWHGGXH WR30'SUHVHQW LQ WKHILEHUZKLFKUHVXOWV LQ
,6,DVVKRZQLQ)LJXUHD7KH,6,WKDWLVLQGXFHGGXHWR&'LVUHPRYHGDWWKLV
VWDJH E\ HPSOR\LQJ D IUHTXHQF\ GRPDLQ HTXDOL]HU 7KH FRQVWHOODWLRQ GLDJUDP RI WKH
FRPSHQVDWHG436.GDWDE\HPSOR\LQJ&0$EDVHG0,02HTXDOL]DWLRQLVVKRZQLQ
)LJXUHE7KHGLVWRUWLRQVDUHQRZUHPRYHGE\WKH0,02HTXDOL]HU
$IWHU VRPH LQWURGXFWLRQ RQ VWDQGDUG &0$ WKH IRFXV VKDOO QRZ EH RQ HIILFLHQW




























































7KH VWDQGDUG &0$ EDVHG 0,02 HTXDOL]DWLRQ SUHVHQWHG LQ VHFWLRQ  FRXOG EH
DSSOLHGRQWKH3'04$0V\VWHPV+RZHYHULQWKLVFDVHWKHFRVWIXQFWLRQHUURU
ZRXOGQHYHUEHFRPH]HUR LH WKH VWHDG\VWDWHRI WKH0,02HTXDOL]HUZRXOGQRWEH
UHDFKHG$VDFRQVHTXHQFHD&0$4$0EDVHG0,02HTXDOL]DWLRQLVSURSRVHGDVD































IRU WKH ; DQG < SRODUL]DWLRQV UHVSHFWLYHO\ 7KHUHIRUH LQ WKLV FDVH WKH HTXDWLRQV
ZRXOGWHQGWRPLQLPL]HWKHSRZHUHUURUV
 PLQ kePD XojX        
DQG
 PLQ kePD YojY        
LQ;DQG<SRODUL]DWLRQVUHVSHFWLYHO\7KHWHUP jP UHSUHVHQWVDOOWKUHHSRVVLEOHSRZHU
OHYHOV RI WKH 4$0 VLJQDO7KHVH SRZHU OHYHOV FDQ EH UHJDUGHG DV WKUHH ULQJV DW
OHYHOV   DQG  RI WKH 4$0 FRQVWHOODWLRQ GLDJUDP ZKHUH WKH LQGH[ LV
^ `j 2QFHWKHDOJRULWKPKDVFRQYHUJHGDOOSRZHUGLIIHUHQFHVZRXOGWHQGWREH
























)LJXUH  E 1RWH WKDW WKLV &0$4$0 EDVHG 0,02 HTXDOL]DWLRQ PD\ DOVR EH


































































































$ EURDGHU VWDWLVWLFDO EDVLV LV UHTXLUHG IRU D GHWDLOHG SHUIRUPDQFH DQDO\VLV RI WKHVH
0,02 HTXDOL]HUV LH VLPXODWLRQV RYHU D ODUJH QXPEHU RI 30' VFHQDULRV PXVW EH
SHUIRUPHG&RQVHTXHQWO\WKHSHUIRUPDQFHRIWKH&0$4$0EDVHG0,02HTXDOL]HU
LV IXUWKHU HYDOXDWHG E\ FRPSXWLQJ KLVWRJUDPV RI WKH %(5 IRU GLIIHUHQW HTXDOL]HU
XSGDWHJDLQVEDVHGRQ30'VFHQDULRVFKDQJLQJHYHU\V\PEROVLWHUDWLRQV
DW PHDQ '*' YDOXH FRUUHVSRQGLQJ WR KDOI V\PERO GXUDWLRQ LH '*'!   SV ,Q
RUGHU WR FKDQJH WKH 30' VFHQDULR HYHU\  V\PEROV WZR UDQGRP QXPEHU VHHGV
FRQWUROOLQJ WKH ILEHU ELUHIULQJHQFH DQG SRODUL]DWLRQ D[LV URWDWLRQ DUH FKDQJHG HYHU\
 V\PEROV ZLWKLQ WKH ILEHU PRGHO LQ 93, 7UDQVPLVVLRQ0DNHU70 7KHUHIRUH WKH
LQVWDQWDQHRXV'*'YDOXHVFKDQJHHYHU\V\PEROVLQWKLVFDVH,QRUGHUWRREWDLQ
VRPHZKDW UHDVRQDEOH%(5YDOXHV LH WR DYRLGEDG%(5VSLNHV WKH%(5FRXQWLQJ
VWDUWVDIWHUV\PEROVLQHDFKVFHQDULRWKDWFKDQJHVDIWHUHYHU\V\PEROV)RUD
UHOLDEOH FRPSDULVRQ WKLV VDPH SURFHGXUH ZLOO EH FRQVLGHUHG IRU WKH SHUIRUPDQFH
DQDO\VLV RI DOO WKH DOJRULWKPV FRQVLGHUHG LQ WKLV FKDSWHU )LJXUH  VKRZV WKH
KLVWRJUDPV IRU XSGDWH JDLQV RI [  [ DQG  UHVSHFWLYHO\ ,W FDQ EH














RYHU  30' VFHQDULRV FKDQJLQJ HYHU\  DQG  V\PEROV DW PHDQ '*'
YDOXHVRISVDQGSVIRUDQHTXDOL]HUXSGDWHJDLQRI[)LJXUH)RUWKH
FDVHZKHQ WKH30' VFHQDULR FKDQJHV HYHU\  V\PEROV WKH%(5FRXQWLQJ VWDUWV
DIWHUV\PEROV7KLVVKDOOUHDOO\LQGLFDWHWKHHTXDOL]HUFRQYHUJHQFHLPSURYHPHQW
DQGFRQVHTXHQWO\ WKH%(5LPSURYHPHQWLIDQ\EHWZHHQWKHV\PEROVWR
)RU D UHOLDEOH FRPSDULVRQ WKLV VDPH SURFHGXUH ZLOO DOVR EH FRQVLGHUHG IRU WKH
SHUIRUPDQFH DQDO\VLV RI DOO WKH DOJRULWKPV FRQVLGHUHG LQ WKLV FKDSWHU ,W KDV EHHQ



































HTXDOL]DWLRQ DOJRULWKPV >@ 7KH PDLQ FRQFHSW RI WKH 38 EDVHG 0,02
HTXDOL]DWLRQLVWRSDUWLDOO\XSGDWHWKHLPSXOVHUHVSRQVHVRIWKH0,02HTXDOL]HUUDWKHU
WKDQ D IXOO XSGDWH ,Q WKLV UHJDUG D YDULHW\ RI SDWWHUQV PD\ EH DGDSWHG WR SDUWLDOO\
RSWLPL]HHDFKSDUWRIWKHLPSXOVHUHVSRQVH8SGDWLQJDVXEVHWRIWKHWDSVUHGXFHVWKH
FRPSXWDWLRQDO FRPSOH[LW\ ,Q WKLV VHFWLRQ WZR GLIIHUHQW SDUWLDO XSGDWLQJ SDWWHUQV
HPSOR\LQJ&0$4$0DUHSUHVHQWHGDORQJZLWKWKHLUSHUIRUPDQFHHYDOXDWLRQ
&RQVLGHU D0,02HTXDOL]HURI OHQJWK TN PPN  LH ^ `  TNk LVGLYLGHG
LQWRPSDUWVRIOHQJWK PN 7KH38&0$4$0DOJRULWKPXSGDWHVWKHVXEVHWVRIWKH
LPSXOVHUHVSRQVHVRI),5ILOWHUVJLYHQE\WKHLQGLFHV
^ `  PPPPp NpNpNpNSS     
ZKHUH LQWHJHU ^ `  Pp UHIHUV WR WKHGLIIHUHQWSDUWVRU VXEVHWVRI WKH LPSXOVH
UHVSRQVHV LQ WKLV FDVH 6R DOO WKH FRHIILFLHQWV DUH QRW XSGDWHG DW D WLPH EHFDXVH DOO
























XSGDWHV DUH QRW FRPSXWHG DW WKDW WLPH ,Q WKLV UHVSHFW 38&0$4$0 3DWWHUQ 
XSGDWHVWKHLPSXOVHUHVSRQVHV LQVHTXHQWLDORUGHUVXFKWKDWHDFKSDUWP LVXSGDWHGDW
WKH VDPH IUHTXHQF\ :KHUHDV 38&0$4$0 3DWWHUQ  XSGDWHV WKH FHQWUDO SDUW
ª º a P RIWKHLPSXOVHUHVSRQVHVQWLPHVPRUHIUHTXHQWO\
6RFRQVLGHULQJWKHFDVHRIDWDS0,02HTXDOL]HUHPSOR\HGLQWKLVFKDSWHUZKLFKLV
GLYLGHG LQ WR WKUHH VXEVHWVP RI OHQJWK PN  &RQVHTXHQWO\ WKH38&0$4$0
3DWWHUQ  XSGDWHV WKH WKUHH VXEVHWV FRQVLVWLQJ RI LPSXOVH UHVSRQVH LQGLFHV
^ `SS  ^ `SS DQG ^ `SS LQ VHTXHQWLDO RUGHU LH
  SSSSSSSSSSSS  ,Q FDVH RI 38&0$4$0 3DWWHUQ  IRU WKH
FRQVLGHUHG WDS HTXDOL]HU  Q LV IRXQG WR EH D VXLWDEOH YDOXH 7KHUHIRUH WKH 38
&0$4$0 3DWWHUQ  XSGDWHV WKH FHQWUDO VXEVHW RI WKH LPSXOVH UHVSRQVHV  WLPHV
PRUH IUHTXHQWO\ WKDQ WKH RWKHU WZR VXEVHWV RI WKH LPSXOVH UHVSRQVHV LH
  SSSSSSSSSSSSSSSSSSSSSSSSSSSS 
)LJXUHVKRZVWKHVFKHPDWLFRI38&0$4$0EDVHG0,02HTXDOL]HU,WLVFOHDU
WKDWWKH38&0$4$0EDVHG0,02HTXDOL]DWLRQDOJRULWKPVUHGXFHWKHFRPSOH[LW\
E\D IDFWRURIPFRPSDUHG WR WKHIXOOXSGDWH&0$4$0EDVHG0,02HTXDOL]DWLRQ
DOJRULWKPV,WFDQEHVHHQWKDWWKHXSGDWHEORFNZLOOXSGDWHVRQO\DVXEVHWRILQGLFHV
/LNH ODVW VHFWLRQ WKH SHUIRUPDQFH RI WKH 38&0$4$0 3DWWHUQ  EDVHG0,02
HTXDOL]HU LV IXUWKHU HYDOXDWHG E\ FRPSXWLQJ KLVWRJUDPV RI WKH %(5 IRU GLIIHUHQW
HTXDOL]HUXSGDWHJDLQVEDVHGRQ30'VFHQDULRVFKDQJLQJHYHU\V\PEROVDW
'*'! SV)LJXUHVKRZVWKH%(5KLVWRJUDPVIRUHTXDOL]HUXSGDWHJDLQVRI
[  [ DQG UHVSHFWLYHO\ ,W FDQEHREVHUYHG IURP WKHVH UHVXOWV WKDW
[ SHUIRUPV EHVW DPRQJVW WKH FRQVLGHUHG HTXDOL]HU XSGDWH JDLQ IRU 38&0$
4$0)XUWKHUPRUHWKHSHUIRUPDQFHRIWKH38&0$4$03DWWHUQEDVHG0,02
HTXDOL]HU LV QRZ DQDO\]HG E\ FRPSXWLQJ KLVWRJUDPV RI WKH %(5 RYHU  30'
VFHQDULRVFKDQJLQJHYHU\DQGV\PEROVDWPHDQ'*'YDOXHVRISVDQG
SVIRUDQXSGDWHJDLQRI[)LJXUH,WFDQEHREVHUYHGIURP)LJXUHVDQG













$IWHU 38&0$4$0 3DWWHUQ  QRZ WKH SHUIRUPDQFH RI WKH 38&0$4$0
3DWWHUQEDVHG0,02HTXDOL]HULVHYDOXDWHGE\FRPSXWLQJKLVWRJUDPVRIWKH%(5
IRU  HTXDOL]HU XSGDWH JDLQV RI [  [ DQG  EDVHG RQ  30'
VFHQDULRVFKDQJLQJHYHU\V\PEROVDW'*'! SV7KHVH%(5KLVWRJUDPVDUH
GHSLFWHGLQ)LJXUH






























JDLQ RI [ )LJXUH  ,W FDQ EH REVHUYHG WKDW FRPSDUHG WR 38&0$4$0
3DWWHUQ  UHSUHVHQWHG ZLWK GDVKHG OLQHV ORZHU %(5 YDOXHV DUH REWDLQHG IRU 38
&0$4$03DWWHUQ%HVLGHV WKHSHUIRUPDQFHRI WKH38&0$4$03DWWHUQ

























































































7KH GHFLVLRQ GLUHFWHG OHDVW PHDQ VTXDUH ''/06 DOJRULWKP EDVHG 0,02
HTXDOL]DWLRQ HPSOR\V WKH FRPSOH[DPSOLWXGH HUURU EHWZHHQ V\PERO GHFLVLRQV DW WKH
RXWSXWDQGLQFRPLQJUHIHUHQFHVLJQDOWRWKHHTXDOL]HU>@,WLVHDVLO\DSSOLFDEOH
WR WKH 4$0 VLJQDOV RU HYHQ IXUWKHU KLJKHU RUGHU 4$0 7KH ''/06 EDVHG
HTXDOL]HU DGDSWV EOLQGO\ ZLWKRXW WKH QHHG RI DQ\ WUDLQLQJ V\PEROV 7KH ''/06
EDVHG0,02HTXDOL]HU HPSOR\V D VLPSOH JUDGLHQW VHDUFK DOJRULWKP WRPLQLPL]H WKH
FRVWIXQFWLRQV>@
   kJkk XLMSDDgXXXX XX   KKK P   
     kJkk XLMSDDgXYXY XY   KKK P   
     kJkk YLMSDDgYXYX YX   KKK P    




½®¯­    Ö
 kekeEkJ rXoXoXLMSDD    
¿¾
½®¯­    Ö
 kekeEkJ rYoYoYLMSDD    
IRU WKH ; DQG < SRODUL]DWLRQV UHVSHFWLYHO\ +HUH Ö keXo DQG Ö keYo UHSUHVHQW WKH
V\PEROGHFLVLRQVDW WKHUHIHUHQFHVDPSOHPDLQVDPSOHk LQ;DQG<SRODUL]DWLRQV
UHVSHFWLYHO\  ke rXo DQG  ke rYo UHSUHVHQW WKH RXWSXW VLJQDOV DIWHU FDUULHU SKDVH
HVWLPDWLRQ DQG EDFN URWDWLRQ IRU WKH ; DQG < SRODUL]DWLRQV UHVSHFWLYHO\ %DVHG RQ
FRPSOH[PDWUL[FDOFXOXVWKHJUDGLHQWRSHUDWLRQVLQDUHH[SUHVVHGDV
    *XirXoXoXLMSDD kekekJXX HK Ö       






      *XirYoYoYLMSDD kekekJYX HK Ö        
      *YirYoYoYLMSDD kekekJYY HK Ö       
+HUH XiH DQG YiH DUH WKH HTXDOL]HU LQSXW YHFWRUV RI OHQJWK TN ZLWK UHVSHFW WR
UHIHUHQFHVDPSOHkIRUWKH;DQG<SRODUL]DWLRQVUHVSHFWLYHO\7KHUHIRUHWKHIRXU),5
ILOWHUV XXK  XYK  YXK DQG YYK RI WKH ''/06 EDVHG 0,02 HTXDOL]HU FDQ EH
UHSUHVHQWHGDV
*
XiXgXXXX Dkk HKK P        
  *YiXgXYXY Dkk HKK P        
  *XiYgYXYX Dkk HKK P        
  *YiYgYYYY Dkk HKK P        
ZKHUHWKHXSGDWHHTXDWLRQVDLPDWPLQLPL]LQJWKHFRPSOH[HUURUVLJQDOV
ZLWKUHVSHFWWRV\PEROGHFLVLRQVLH
 Ö  kekeD rXoXoX         
DQG











GHFLVLRQV EDVHG RQ IHHGIRUZDUG FDUULHU UHFRYHU\ 6R D IHHGEDFN IRU WKH V\PERO
GHFLVLRQV LV UHTXLUHG )LJXUH  GHSLFWV WKH VFKHPDWLF RI ''/06 EDVHG0,02
HTXDOL]HU $V VKRZQ LQ WKLV VFKHPDWLF WKH RXWSXW VLJQDOV RI WKH FDUULHU DQG GDWD
UHFRYHU\ PRGXOH DUH XVHG WR FRPSXWH WKH ''/06 EDVHG HUURU VLJQDOV 7KHQ WKH





7KH WDSV RI WKH''/06EDVHG0,02 HTXDOL]HU DUH LQLWLDOL]HG DV VKRZQ LQ )LJXUH
,PSXOVHUHVSRQVHV XXK DQG YYK DUHLQLWLDOL]HGE\VHWWLQJWKHFHQWHUWDSVWR
ZKLOHDOORWKHUWDSVDUHVHWWR]HUR)LJXUHVKRZVWKHH[HPSODU\LPSXOVHUHVSRQVHV






























































RI WKH%(5 IRU  XSGDWH JDLQV RI [  [ DQG  EDVHG RQ 30'
VFHQDULRVFKDQJLQJHYHU\V\PEROVDW'*'! SVDVVKRZQLQ)LJXUH
















































































































$V VHHQ LQ VHFWLRQ  XSGDWLQJ D VXEVHW RI WKH WDSV UHGXFHV WKH FRPSXWDWLRQDO






LV HYDOXDWHGE\FRPSXWLQJKLVWRJUDPVRI WKH%(5 IRU  XSGDWHJDLQVRI[ 































































3HUIRUPDQFHRI WKH38''/06 3DWWHUQEDVHG0,02HTXDOL]HU LV HYDOXDWHGE\
FRPSXWLQJKLVWRJUDPVRIWKH%(5IRUXSGDWHJDLQVRI[[DQG




UHSUHVHQWHG ZLWK GDVKHG OLQHV ORZHU %(5 YDOXHV DUH REWDLQHG IRU 38''/06
3DWWHUQ   )XUWKHUPRUH WKH SHUIRUPDQFH RI WKH 38''/06 3DWWHUQ  EDVHG
0,02 HTXDOL]HU FORVHO\ PDWFKHV WR WKDW RI IXOO XSGDWH ''/06 EDVHG 0,02
HTXDOL]HU
7KHUHIRUH WKH 38''/06 3DWWHUQ  EDVHG0,02 HTXDOL]HU FRPHV RXW WR EH DQ
RSWLPDOHTXDOL]DWLRQWHFKQLTXHLQWHUPVRIORZFRPSOH[LW\DQGKLJKFRQYHUJHQFHVSHHG







































7KH FRPSXWDWLRQDO FRPSOH[LW\ RI0,02 HTXDOL]HUV SUHVHQWHG LQ VHFWLRQV  WR 
GHSHQGVRQ[),5ILOWHULQJDQGWKHXSGDWHSURFHVVRIWKHLPSXOVHUHVSRQVHV7KHIRXU
),5ILOWHUVUHTXLUH
  TM NC          
FRPSOH[PXOWLSOLFDWLRQVDQG
   TTA NNC        
FRPSOH[DGGLWLRQVWRHTXDOL]HGDWDEORFNRIOHQJWK TN 7KHFRPSXWDWLRQDOFRPSOH[LW\




   TM NC        







































TC          
FRPSOH[DGGLWLRQV6RWKHFRPSXWDWLRQDOFRPSOH[LW\RIWKHXSGDWHSURFHVVLVUHGXFHG
E\ D IDFWRU RIP $V DQ H[DPSOH DW  TN   FRPSOH[ PXOWLSOLFDWLRQV DQG 
FRPSOH[DGGLWLRQVZRXOGEHQHHGHGIRU),5ILOWHULQJLQ0,02HTXDOL]HUVSUHVHQWHGLQ
VHFWLRQV  WR  )XUWKHUPRUH D VLQJOH XSGDWH RI WKH LPSXOVH UHVSRQVHV  WR
ZRXOGUHTXLUHFRPSOH[PXOWLSOLFDWLRQVDQGFRPSOH[DGGLWLRQV LQ&0$
4$0EDVHG0,02HTXDOL]HU+RZHYHU LQ FDVH RI D 38&0$4$0EDVHG0,02
HTXDOL]HU ZLWK  P  D VLQJOH XSGDWH RI WKH LPSXOVH UHVSRQVHV ZRXOG UHTXLUH
DSSUR[LPDWHO\  FRPSOH[PXOWLSOLFDWLRQV DQG  FRPSOH[ DGGLWLRQV LQ&0$4$0
EDVHG0,02HTXDOL]HU
$VLQJOHXSGDWHRIWKHLPSXOVHUHVSRQVHVWRUHTXLUHV
 TM NC          
FRPSOH[PXOWLSOLFDWLRQVDQG
   TA NC        















TC          
FRPSOH[ DGGLWLRQV $V DQ H[DPSOH DW  TN  D VLQJOH XSGDWH RI WKH LPSXOVH
UHVSRQVHV  ZRXOG UHTXLUH  FRPSOH[ PXOWLSOLFDWLRQV DQG  FRPSOH[
DGGLWLRQV LQ ''/06 EDVHG0,02 HTXDOL]HU +RZHYHU LQ FDVH RI D 38''/06
EDVHG0,02 HTXDOL]HU ZLWK  P  D VLQJOH XSGDWH RI WKH LPSXOVH UHVSRQVHV ZRXOG
UHTXLUHDSSUR[LPDWHO\FRPSOH[PXOWLSOLFDWLRQVDQGFRPSOH[DGGLWLRQVLQ&0$
4$0EDVHG0,02HTXDOL]HU
$V REVHUYHG KHUH WKH FRPSXWDWLRQDO FRPSOH[LW\ RI WKH &0$4$0 DQG ''/06
EDVHG0,02 HTXDOL]HUV LV VLPLODU %XW WKH''/06 EDVHG0,02 HTXDOL]HU KDV D














7KLV ODVW FKDSWHU FRQFOXGHV WKLV GLVVHUWDWLRQ ZLWK VRPH ILQDO FRPPHQWV $ SUHFLVH
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